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■AdlAtlMi  0«n*tiet 


IUult«tl«ii  c«ii*tiea  la  a  soiano*  nhioh  atudiaa  thm 
rulat  and  r«ful*ti«na  of  thm  affaet  af  radlatiaa  (laaia« 
ins  radiation,  ultra^iolat  n^a  and  othara)  an  tha  baradity 
of  aan,  aniaaila,  planta,  MioroarfaniaoM  and  Tiruaaa*  tha 
origin  of  radiation  ganatioa  ia  aaaaoiatad  with  tha  publi- 
cation  of  work  by  1«  A*  Xadaan  and  ft*  S*  filippaa  (1925)* 
who  ahowad  that  ioniaing  radiationa  ara  tha  oauaaa  of  autta- 
tiona  in  fungi  aa  wall  aa  with  tha  puhlioatian  of  raaulta 
of  H*  J*  Kttllar'a  atudiaa  (192?)  on  droaaphila  and  atudiaa 
of  L*  Stadlar  (1928)  an  oani* 

In  oonnfotlon  with  tha  astanaiwa  utiliaation  of 
atonio  anargy  in  husMun  Ufa  and  particularly  in  oanjunotion 
with  tha  atttdy  of  apaoa,  in  whioh  tha  oaanonaut  and  liring 
organiaaia  aaaaoiatad  with  hia  ara  aubjaotad  to  tha  affaot 
of  ooaaio  raya,  problana  of  radiation  ganatioa  hawa  ao<iuir- 
ad  partioularly  graat  currant  iaq^ortanoa,  and  radiation 
ganatioa  haa  baan  oonwartad  into  a  rapidly  dawaloping 
branch  of  aoianoo*  Studiaa  on  radiation  ganatioa  hara  baan 
daralopad  both  abroad  and  in  tha  Soriat  Union*  Problona  of 
radiation  ganatioa  ara  baing  auooaaafully  aolrad  in  tha 
USSII  in  tha  labaratoriaa  af  Radiation  ftanatiea  of  tha  Xn- 
atituta  of  Biophyaioa  of  tha  Aoadaogr  of  Soianoaa  U38R*  tha 
Inatituta  of  Oytology  and  ftanatiea  of  tha  Sibarian  Sapart« 
■ant  af  tha  Aoadaay  of  Soianoaa  USSR,  in  tha  Radiobiology 
Oapartaant  of  tha  Inatituta  of  Atonio  Inargy  iaani  I*  V, 
KurchatoT,  in  tha  Laboratory  of  Radiation  ftanatiea  of  tha 
Inatituta  of  Bsporlaantal  Pathology  and  Tharapy  of  tha 
Aoadaay  of  Nodical  Soianoaa  USSR,  and  in  tha  Inatituta  of 
Radiation  and  Phyaieo-GhoMioal  Biology  of  tha  Aoadasy  of 
Soianoaa  USSR* 

Abroad,  data! lad  atudiaa  ara  baing  oonduotad  at  tha 
Oak  Ridga  Atomic  Cantor,  tha  Laboratorlaa  of  tha  Uniwaraity 
of  Illinoia  and  Coliutbia  Uniwaraity  in  tha  Unitad  Stataa,  at 
tha  Harwell  Ateaio  Cantor  in  ftraat  Britain,  and  in  tha  Cana¬ 
dian  Atomic  Cantor  (Chalk  Rirar  Limited),  tha  Radiobiology 
Laboratorlaa  of  tha  Atonio  Bnargy  Coamiaaion  of  franea, 
Unlwaraity  of  Lund  (Holland)  [thara  ia  a  Unirarsity  of  Lay- 
dan  in  Holland  and  a  UnlToraity  of  Lund  in  Swadan,  but 
apparantly  thara  is  no  Unirarsity  of  Lund  in  Holland),  and 
in  tha  Laboratory  of  Oanatioa  af  tha  Inatituta  of  Crops  in 
Hatharslaban  (ftOR)  and  others* 

Tha  main  problems  of  radiation  ganatios  ara  tha 
followingi  1)  araluation  of  tha  ganatio  affaot  caused  by 
Inoraasa  in  tha  radiation  background  in  man's  anrironmant 


Fand  tha  oraatlon  of  offactiva  maaturas  for  protaoting;  buman| 
haradlty  against  tha  ln;)urlous  affaot  of  radiation:  2)  aval- 
uation  and  pravantion  of  tha  fanatic  affaota  of  cosmic  rad¬ 
iation:  3)  tha  davalopmant  of  nav  nathods  of  controlling 
tha  haradlty  of  plants,  animals,  mioroorganisms  and  viruses 
for  tha  oraation  of  tha  naoassary  forms  for  nan;  4)  datar- 
minatlon  of  tha  nature  and  magnitude  of  tha  ganatlc  effect 
of  radiation  on  all  organio  forms  on  the  earth  with  tha  alnct 
of  controlling  evolutionary  prooassas  of  tha  entire  bio¬ 
sphere  in  tha  event  of  an  inoraasa  in  tha  radiation  back¬ 
ground* 

Tha  affaot  of  radiation  on  heredity  is  realised 
through  the  interaction  of  radiation  energy  with  the  matter 
making  up  tha  hereditary  structures*  This  interaction  is 
realised  against  tha  background  of  all  matabolic  processes 
carried  cut  in  tha  oell*  The  main  hereditary  structures  of  * 

the  oell  are  the  chromosmeea,  ‘  which  are  in  the  cell  nucleus. 
Heredity  is  recorded  in  the  form  of  genetic  information  in 
molecules  of  deoxyribonucleic  acid  (q»v«)  (DNA),  which  arc  » 

included  in  the  chromosomes  together  with  protein*  The  body 
of  each  chromosome  is  differentiated  along  Its  length  Into 
separate  specific  looi,  which  have  been  given  the  name  of 
genes.  According  to  current  concepts,  the  specificity  of 
each  of  the  genes  is  conditioned  by  the  interrelationship 
of  four  nitrogen  bases— thymine,  guanine,  cytosine  and 
adenine,  whloh  are  included  in  tha  ONA  moleoules*  Therofora, 
in  a  chemloal  respect  change  in  the  hereditary  struotures 
under  the  influence  of  radiation,  primarily  is  associated 
with  the  effeot  of  radiation  energy  on  the  moleoular  struc¬ 
ture  of  ONA* 

The  main  categories  of  genetic  effects  of  radiation 
are  genio  mutations,  structural  rearrangements  of  the  loci, 
chromosomal  rearrangements  and  nondis  junction  of  chromosomes* 

Genic  mutations  are  associated  with  a  change  in  the  chemical 
structure  in  a  microsection  of  the  chromosome*  Structural 
rearrangements  in  the  ohromosome  locus  are  often  about  the 
siae  of  several  genes*  Therefore,  It  Is  frequent  I  '  impos¬ 
sible  in  practice  to  distinguish  genic  mutations  from 
structural  mioromutat^ons,  and  they  are  combined  under  the 
term  '’point  mutations*"  Chromosome  breaks  and  the  forma¬ 
tion  of  free  fragments  precede  the  ooourrenoe  chromosome 
rearrangements*  In  the  event  of  a  oomblnation  of  the  frag¬ 
ments  in  the  original  order  a  recovery  of  the  old  structures  * 
occurs*  In  the  case  of  recombination  fragments  formed 
from  the  breaks  new  combinations  of  gene  (fragment)  seotlons 
I  occur  in  the  form  of  chromosomal  rearrangement s *  In  the  i 
jevent  of  a  disorder  of  meiosis  (q*v.)  nondis junction  of  paired 
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HhOBologeus )  ehTMBOtMMS  la  abaarva4»  in  «hiab  ladiTldoalalf 
ooour  vi^  axtr*  or  inauffielont  nuaibors  of  IndifidiuLl 
otoomoaoBoa*  In  nan  tha  nunbar  of  ohroBOaaoiaa  la  aqnal  ta 

44  {  nondia juaotlon  laada  ta  tba  blrtb  af  ohildraa  with  47  • 

45  or  othor  auaibara  of  ohroaioaoaiaaa  411  tbaaa  imtatiaiial 
obangaa  in  haraditary  atruoturaa  In  nan  load  ta  diaordara  of 
doTalopaiontal  prooaaaaa  BMnifaatad  in  tha  fara  af  dlffarant 
patholegleal  prooaaaaa*  Thaaa  patKalagloal  prooaaaaa,  trana- 
atlttad  to  aabsaquant  ganaratlona  throng  aax  ealla  carrying 
abnoraalltlaa  in  tha  ohronoaaaa  atruotura,  ara  oallad 
"haradltary  dlaaasaa*"  If  IndlTiduala  contain  natatlona  In 
ona  of  tha  j^lrad  hoaolageua  ohroMoaaaiaa  and  tharabjr  ahav 
abnonaal  obaraotara,  thaaa  aiutatlana  ara  eallad  ^doBlnant*** 

If  tha  hataracygota  doaa  not  ahov' antatlonal  obaraetara,  tha 
mutation  la  oallad  ''raoaaaiaa"  (aaa  amtatlon)*  In  man  aax 

la  datarminad  by  tha  axlatanoa  of  a  pair  of  particular,  ao- 
called  aar  ehroaoaoaaat  -*XX— *tha  faaala  aat  af  aaz  abramoaomaa 
and  XYttha  mala  aat  (aaa  Sax).  Tha  other  ohranaaomaa  are 
oallad  "autoaomaa,**  Tha  nature  of  Inharltanoa  of  oharaotars 
oondltlonad  by  ganaa  of  tha  aax  ohromoaomaa  and  ganaa  of  tha 
autoaoaaa  la  different*  Tharafora,  both  an  Inharltanoa  af 
aax-llnkad  oharaotara  and  Inharltanoa  of  tha  autoaomal  type 
oooura*  An  analyala  of  hereditary  atruoturaa  la  largely 
aooonpllahad  by  oosprahanalTa  atudy.  of  tha  oouraa  of  In- 
harltanoa  of  oharaotara  from  ganaratlon  ta  generation  and 
by  follovlng  tha  ohangas  In  the  ohrosaaoma  atruoturaa  by 
aaana  of  cytologic  mathoda*  ConprabanalTa  analyala  oonatl- 
tutaa  tha  baala  of  oytoganatlos,  a  aolanoa  uhieh  Inoludaa 
mathoda  of  cytology  and  ganatioa*  Radiation  oauaaa  a  multi¬ 
tude  of  horaditary  abnomalltlaa  vhan  adbryonlo  oalla  af 
organiams  are  irradiated*  Tha  uaa  of  radiation  for  tha 
aalaotlon  of  uioroorganlama  and  planta  la  baaed  on  thla* 

Thia  new  a|q;>lloat:;kon  of  radiation  has  bean  glTon  tha  name 
of  '’radiation  aalaotlon*" 

Tha  capacity  af  changing  tha  heredity  of  organiama 
la  priatarlly  oharaotariatlc  of  penetrating  radiation  with 
high  energy  (oorpuacular  and  alactromagnatio) •  Lou-onargy 
photon  radiation  (ultrarlolat  rays,  rlalbla  light),  in  tha 
OTont  of  thalr  panatration  Into  tha  oall,  also  oauaaa  oyto- 

fanatio  changes  in  it*  Tha  energy  of  ionising  radiation 
sea  alpha-rays,  bata-rays,  garaaa-raya.  Ionising  radiation, 
neutron  radiation,  x-raya),  mhan  abaorbad  by  atoms  and  mola- 
oulas  of  natter,  oauaa  ionisation  and  excitation  of  them* 
Ultraviolet  rays  and  visible  light  ara  absorbed  by  oall 
aubatanoes  differently,  depending  on  their  nolaoular  con- 
jflguration,  and  produce  signs  of  excitation  In  than*  i 

r  The  mala  problem  of  radiation  ganatioa  la  a  study  of  I 


!th*  •ff*ot  tf  i«nlsliig  rihdi*tl*u  hw— n  Vuii»r*  | 

out  •indict  in  th«  f IfXd, •f  r»diatl*tt  (•n*iios  oan  b«  di- 
▼ld«d  Int*  tfndu  1)  th*  «tudjr  of  tho  pkriaarjr 

MOOhMilMO  of  tho  ftOtion  of  rAdiaiion  oa  horoditjr  and  otady 
of  probXoao  of  protootiaa  borodity  a«alntt  tho  injarlotto 
offoot  of  radiation}  2)  otndy  of  tbo  ruXot  and  rofttXationo 
of  ooourronoo  of  nutatioao  undor  tho  iofXnoneo  of  ionising 
radiation*  uXtraTioXot  rajrs  and  vioiblo  Xightt  3)  problons 
of  radiation  gonotieo  of  moanaXo  and  nan;  b)  probXoao  of 
gonotlos  and  cytology  of  oanoor  and  Xsnkoooo  oaasod  by  ir** 
radiation)  S)  problons  of  radiation  soXootion  of  aioro- 
organisnt*  plants  and  aniaaXs)  6)  probXonsof  spaoo  gonoties* 

tho  aain  agonoy  for  studying  tho  prinary  noobanisaut 
of  tho  action  cf  radiation  on  heredity  is  an  analysis  of  th«> 
intoraotion  of  radiation  energy  with  nolooulos  of  matter* 
on  tho  ooll  lorol  this  intoraotion  oeours  chief ly  in  tho 
nttoloar  sapranoloottlar  struoturos  in  tho  form  of  nuoloe- 
proteins  of  tho  ohronosemos*  oonsisting  of  Old*  protoins 
and  oytoplasmlo  mattor  (different  organic  compounds *  water 
and  others)*  Oonoral  prooossos  of  aotabolismi  on  the  baek- 
ground  of  whioh  tho  offoot  of  ionising  radiation  on  tho 
ehromo&oaos  of  tho  ooll  nuoXous  is  realised*  are  involved 
in  this  intoraotion*  Tho  offoot  of  radiation  on  virus 
partiolos  is  assooiatod  with  tho  absorption  of  tho  energy 
of  ionising  radiation  by  nuoXoio  aoids  and  proteins*  On 
tbo  molecular  level*  prisuirily*  a  study  is  mads  of  tha 
offoot  of  radiation  on  DHA*  isolated  from  tho  ooll  ohromo» 
soffloa  or  virus  pax'tiolos* 

In  fi&'st  place  in  tho  analysis  of  tho  primary  aeoh^* 
anisms  of  action  of  radiation  on  heredity  is  tho  problem  of 
tho  diroot  and  indirect  offooto  of  radiation  on  DNA*  the 
molooulos  of  whioh  constitute  the  basis  of  the  genetic 
matorial  in  tho  ohromosoaos  and  in  tho  bodies  of  tho  major¬ 
ity  of  viruses*  Ionising  radiation*  ponotrating  into  tho 
oolX*  oan  directly  ionise  molooulos  of  nuoloio  aoids  (tho 
direct  offoot  of  radiation)  or*  by  producing  radiolysis  of 
water  in  tho  ooll*  oan  load  to  tho  appoaranoo  of  free  radi¬ 
cals  (see  Ionising  &adiation),  whioh*  on  reaching  tho  ehromo- 
somos*  involve  tho  nuoloio  aoids  contained  in  them  (indirect 
offoot).  With  tho  direct  action  cf  ionising  radiation  on 
tho  ohromosomo  there  are  two  possibilities t  X*  she  energy 
quantum  Is  absorbed  locally  within  tho  BHA  molecule*  Ion¬ 
isation  of  tha  snoleoule  loads  to  tho  occurronoo  of  radia¬ 
tion -ohesii  cal  processes  in  the  ohromosome  (a  break  in  poly- 
nuc;*.oetide  olminS|  tho  interaction  of  OKA  radicals  with 
oxygen  and  others)*  which  eventuate  in  the  ocourronoe  of  geulh 
mutations*  whioh  are  per  nanent  ohemioal  changes  at  various 
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ilooi  of  the  ohromosoate,  or  in  tho  ooourrenoe 
breaks  leading  to  the  appearance  of  fragnenta* 
oomblnlriii;  In  new  Interrelationships,  glTO  rise  to  ohreno-> 
sonal  rearrangements,  2»  The  radiation  energy  <tiuantttn, 
initially  absorbed  locally  within  the  OKI  molecule,  does 
not  in;)ui‘e  the  locus  but  migrates,  reaches  a  ’’weak"  point 
and  causes  a  local  injury  there  In  the  foxia  of  a  genlo  nu¬ 
tation  or  olu'OQOsotae  break* 

With  the  indirect  action  of  ionising  radiation  the 
energy  quantum  Is  absorbed  in  the  oell  by  moleoules  of  the 
medium  surrounding  the  chromosome,  and,  primarily,  by  water 
moleoules*  Radiolysis  of  water  leads  to  ths  appearance  of 
free  radicals  (OH,  HO2)  uhioh,  after  reaching  the  ohronO'» 
semes,  cause  chemical  changes  in  them*  Xn  exporlments  with 
living  cells  as  well  as  with  solutions  of  MA  it  fees  been 
shown  that  the  uHA  inoleoules  are  injured  both  by  the  direct 
and  indirect  effects  of  radiation*  As  far  as  the  genetic 
material  in  the  ohromosomes  la  oonosrned,  it  is  Injured 
chiefly  by  the  direct  effect  of  radiation*  It  has  been 
shown  that  the  number  of  genio  mutations  and  ohromosomal  re¬ 
arrangements  after  irradiation  with  the  same  dose  increases 
with  increase  in  the  linear  ionisation  density* 

The  radiogenetio  effect  is  modified  differently  by 
ohanglng  the  conditions  before  irradiation,  during  It, 
after  irradiation  in  various  ca^es*  Such  factors  as  the 
effect  of  oxygen,  the  combined  action  of  ionising  radiation 
with  ultraviolet  and  infrared  rays,  the  introduction  of  var¬ 
ious  chemloal  compounds  Into  the  oell,  the  physiological 
state  of  ths  cell,  the  stage  of  the  oell  oyole,  etc*,  are 
most  important* 

With  Increase  in  the  linear  ionisation  density  there 
is  a  reduction  in  the  relationship  between  the  genetic  ef¬ 
fect  and  the  modifying  factors* 

Underlying  the  ohemioai  proteotien  of  heredity  against 
the  action  of  radiation  are  the  following  main  protective 
meohanlstts}  a)  the  migration  of  energy  from  the  injured 
ohromesoae  molecules  to  moleoules  of  proteotlvs  agents  in¬ 
troduced  into  ths  osll,  which  form  complexes  with  the  Sub- 
stanoovS  in  the  chroaio«<Hae  (this  is  the  basic  mechanism  of 
protection  against  the  direct  action  of  radiation):  b)  the 
removal  of  oxygen  from  the  oell  (hypoxia),  which  protects 
against  both  the  direct  and  indirect  effects  of  radiation: 
c)  the  capture  of  free  radicals,  formed  during  water  radie- 
lysis  by  the  moleoules  of  protective  agents  (this  is  the 
basic  mechanism  of  proteotiou  against  the  indirect  effect 
(Of  radiation).  Chemical  protection  against  radiation  with  a^ 
high  linear  ionisation  density  has  been  little  studlad*  foy  I 


ohromeeome 
The  latter. 


Analysis  of  th*  prlflMiiT  mootMutiaaia  of  tho  aotion  of  rad*'| 
lation  and  probXoas  of  protootion  agoat*  with  a  uniTortal 
aotion  aro  of  Intoroot*  Tims*  for  oxamplo*  stroptooiyoint  by 
f  oirming  oomploaonoo.  with  protaot*  tha  haroditary  atruo- 
turaa  against  tho  aotion  of  ga«aa>rays,  alpha  partiolaitand 
ultraviolat  light*  At  tha  sama  tiaa*  potsassing  tha  powar 
of  protecting  againat  ooahinad  affaots*  streptomycin  it  an 
antiautagen*  which  proteots  tha  body  against  the  ocourrenoe 
of  a  natural  mutational  prooass*  The  latter  is  of  essential 
importanoe*  The  natural  mutational  prooass  is  complex  and 
complioated.  It  ooours  under  the  influence  of  a  natural 
radiation  background  as  a  result  of  metabollo  disorders* 
temperature  changes*  and  others.  Therefore*  protection 
AAsS  t  it  is  more  Cwaplloatcd  than  prstoctlon  against  in**' 
dirldual  autagenio  factors*  In  man*  tho  natural  mutational 
process  is  tho  prim#  cause  of  ooourrenoo  of  a  largo  number 
of  hereditary  disoasoa*  Stroptomyoin  eonstitutas  an  example 
of  a  now  class  of  substances  possessing  auitlmutagonio  pro¬ 
perties*  The  problem  of  therapy  and  prophylaxis  of  injur- 
ios  to  suoh  a  complicated  phonoaonon  as  heredity*  where 
"treatment "  is  accomplished  on  the  molecular  level*  is 
given  a  rational  basis  and  broad  preapeots  because  of  these 
discoveries*  Working  out  tho  problem  of  antimutagons  as¬ 
sumes  primary  importanoe  for  the  protection  of  human  here¬ 
dity* 

Tho  gonotio  offoot  of  ultravlolot  rays  is  primarily 
associated  with  tho  absorption  .of  waves  at  a  wavelength  of 
StSjJO  A  by  dooxyrlbonucloio  acid  in  the  chromes omos*  The  ef¬ 
fect  of  those  rays  on  heredity  possesses  a  number  of  speoi- 
fio  characteristics  by  comparison  with  the  action  of  ion¬ 
izing  radiation.  Of  groat  Interest  is  the  photoreactlvation 
phenomenon*  uhioh  oonslsts  of  the  fact  that  visible  light 
{wavelength  of  4360  A  and  others)*  acting  on  the  cell  after 
irradiation  with  ultraviolet  light*  proteots  the  chromosomes 
against  injury.  The  effeot  of  visible  light  on  heredity  is 
associated  with  the  occurrence  of  a  pbotodynamio  procoss  in 
the  ooll*  wiiioh  constitutes  the  phenomenon  of  i^oto-oxida- 
tion* 

(Quantitative  analysis  of  the  frequency  of  point 
mutations  and  ohromosomal  rearrangemonts  has  shown  that 
various  types  of  mutations  are  differently  related  to  tho 
dose  of  ionizing  x'adlatlon*  for  point  mutations  an  expo¬ 
nential  relationship  to  the  radiation  dose  has  been  estab¬ 
lished.  This  speaks  for  a  straight-line  relationship  be¬ 
tween  the  number  of  mutations  and  the  dose*  Ghromesome 
[breaks  also  occur  In  a  straight-line  relationship  to  the  dosd, 
'Eowever,  tho  number  of  chromosusal  rearrangements,  each  of  I 
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hil^eh  r*qair»ft  th«  pr«t«n0*  •f  «wd  indl%»«Bd0nt  okrMioswt  I 
breaks  In  th*  nuolwa*  iii«r«aa0a  in  »r«p«rtlMi  to  tbo  oqbort 
of  tho  dooo.  Itao  dlotonoo  botiroon  tlU  brook*  ontorlng  into 
tho  intorobottfo  dooo  not  osoboA  obo  aioroii*  fbo  offoot  of 
tho  latonoity  of  tho  dooo  for  «kronoo«Ml.  roorronfOoMato  lo 
dopondont  on  tvo  ooporoto  brooko*  Zn  tho  oaoo  of  a  tlncl* 
irradiation  thoro  aro  ■artball>  farorablo  oonditiona  for 
tho  roeoahination  of  ohroaioaoaiaX  fraabonta  ooonrrint  Oiaul- 
tanoouBlx,  In  tho.  oaoo  of  fraotlonaiod  irradiation  or  in 
tho  oaao  of  ohronie  irradiation  with  a  lov  doso  rato»  oo» 
ourrittf  at  difforont  tiboa*  thoro  aro  croator  probabilitioa 
for  rooombiaation  in  tho  prorion*  ordor*  katrapoiation  of  . 
osporibontal  data  on  tho  atr*i|^t-Iiao  rolationahip  to  tho 
doao  it  oridoneo  of  tho  abaoneo  of  a  throahhold  doao  for 
point,  amtationa.  thoroforb,'  aftor  proXonfod  irradiation 
Ttfith  Jiay  d0909  bo  •  omwXatlTo  offoot*  Thoro 

aro  indioationa  that  aftor  proXoopod  irradiation  with  a  lov 
doao  rato  ropair  of  a  oortain  nuBd>or  of  nddablon  poiMt  an** 
tationa  ooeurat  howovorv  tho  poaoibiXity  haa  not  boon  ox* 
oXttdod  that  in  thia  oaao.aXao  part  of  tho  point  natationa 
‘  ia  aaaooiatod  vith  bhroboaonal  roarrancobonta • 

ProTiOttfXy«  tho  bain  'ob;|oeta  of  oxporivonta  on 
radiation .  conotioa  voro  adoo*  Oonoral  problona  of  radia¬ 
tion  gonotioa  voro  atudiod  on  tho  boat  Tariod  fonaa  of  Tir- 
uaoa,  baotoria*  protoaoaaa,  plaata  and  aninaXa*  Tor  tho 
purpoao  of  bodoXling  tho  radiogonotio  offoota  anspootod  in 
man  atudioa  of  aonkoya  (Naoaea  aalatta)  voro  of  groat  im- 
portanoo.*  Ihoy  voro  bogun  in  la&o  Laboratory  of  Hadiation 
GtonotloB  of  tho  Inatitttto  of  Biophyaloa  of  tho  Aeadomy  of 
Solonooa  USSR*  and  than  voro  oonduetod  in  tho  Xbboratory  of. 
Radiation  Oonotioa  of  tho  Znstituto  of  Ixporivontal  Pathologjr 
and  Thorapy  of  tho  Aoadoay  of  NodioaX  Soionooa  USSR*  Zn  tho 
Btato  of  Oregon  in  tho  Unitod  Statoa  in  X96X  a  ■ 
broad-prof  11*  Inatltoto  vaa  oroatod  for  tho  atnd^  of 
horodity.in  bonkoya^  inoXodlng  tho  atady  of  probXoaa  of 
radiation  gonotioa*  Stndioa  of  Sovlot  aoiontiata  havo  auido 
it  noooaaary  to  roriao  tho  qnantitatlTo  ootiaato  of  tho  of¬ 
foot  of  ionising  radiation  on  huban  horodity*  froriottoXy, 
thoao  oalottXation*  voro  baood  on  tho  data  of  gonotlo  radio- 
sonaitiTlty  of  bloo*  BevoTor*  in  aonkoya  gonotlo  radio- 
oonaitiTity  hao  provod  to  bo  tvo  tiboa  groator  than  in  aieo* 
for  tho  purpoao  of  a  ^uantitatlo'o  ootiaatlon  of  tho  offoot 
'  of  radiation  on  huaan  horodity  it  io  oooontlaX  to  know  tho 
oonaoqoonobo  of  natural  amtation  and  bonparo  tho  additional 
offoot  oanood  by  tho  infXnonoo  of  ioaiaing  radiation  vith 
ithob*  Matorial  oolXootod  in  Donaark*  Unitod  Statoo  and  i 
|lngland  attoot  to  tho  foot  that  about  four  poroont  of  ehildrir 
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^oim  Aff«ot«4  bjr  h«r«ditary  4*  th*  r«»ttl4  if 

th*  Munlfuttation  of  ■utotlono  orioinc  undor  tho  inefXuonoo 
of  tho  aoturoi  bookcround  of  lonieftnf  rodittioa^  ohonlool 
oiMl  othor  Bttta^nio  footoro*  tor  aon  tho  doto  of  iobloXB# 
rodiotloii  ooottBMilotod  la  tho  sooodo  oTor  »  oonorotlon  (30 
yooro)  oaottata  to  about  3  rods*  Ooiportnd  tho  roto  of 
noturol  Mototiont  io  mub  with  tho  nuohor  of  autotltiio  oeour- 
rinc  in  nonkoyo  oftor  a  dooo  of  ioaioinc  radiation  of  Ir» 
it  vao  ohovn  that  tho  nafnitudo  of  tho  dooo  nhioh  doubioo 
tho  rato  of  natural  nutationa  in  nan  anounto  to  about  lOr* 

Zn  1958f  at  tho  ouctoation  of  tho  Soriot  doloflation*  thio 
fifuro  %rao  aoooptod  ao  tho  poaoiblo  ono  by  tho  Soiontifie 
OooMittoo  of  atonio  Radiation  of  tho  Uhitod  Rations*  Bsq^er- 
inonto  with  tho  offoct  radiatiOH  on.  shrososssoos  In  htuaan 
Qolls  undor  oonditiona  of  tiosuo  oultuiros  (%•▼»)  also  at- 
toot  to  tho  faot  that  tho  dooo  of  about  lOr  doubioo  tho 
natural  natation  rato  in  nan* 

Of  tho  fission  produeta  appoariag  as  tho  rosult  of 
nuoloar  oxplosions,  of  tho  groatoat  innortanoo  to  nan  aro^^ 
ooslua-137  (Osw),  strontiun^RO  (Sr^l  and  oarboa»lh  (0^^)* 
Tho  first  two  iaotopoof  fotund  in  tho  fiaoion  prooosa*  bavo 
half-liwoo  of  30  yoars*  ’  Znjurioo  to  huaiM  ooibryoaio  oolls 
aro  oausod  prinarily  by  tho  aotion  of  0o^?7,  ahieh  is  uni* 
f omly  diotributod  throughout  tho  body  and  osiits  gasssa* 
rays*  Sr^  is  dopoaitod  in  tho  bonos,  osiito  bota-p*ftiolos* 
tho  pathways  of  whioh  aro  ||aourod  in  sdlliaotoro  in  tho 


into  tho  body  nay  bo  tho  oauso 
&  and  loukosoa  of  radiation 


bonos*  Tho  ontranoo  of  Rr’ 
of  doTolopsiont  of  ostoosari 
origin* 

for  an  analysis  of  tho  offoot  of  an  inoroasod  radia¬ 
tion  background  on  hiuaan  horodity  a  study  of  horoditary 
ohaagos*  whioh t  ooourring  undor  tho  influonoo  of  radiaticn, 
aro  not  nanifostod  innodiatoly  in  tho  ohildron  of  tho  first 
gonoration#  will  bo  of  spooial  i^p»ortaaeo*  'inong  thoso 
ohangoa  aro  tho  following i  a)  doniaant  wisiblo  nutations 
(aohoadroplasia*  rotinoblastoaot  nourofibronatosis*  Klino- 
foltor's  syndronof  Sown* a  syadrono  (noagolisn)  and  ethors} 
b)  rooossivo  visiblo  nutations*  sox-liakod  (honophilia* 
sons  foms  of  nuaoular  dystrop^  and  others  )  t  e)  doninant 
lothal  nutations*  both  autosonal  and  soz-linfcod*  as  wall  as 
lothal  rooosslTo  nutations  whioh  aro  soz-linkod*  Of  spooial 
Intorost  for  ob;}ootiwo  and  prooiso  rooording  of  tho  offoot 
of  additional  artifioial  radiation  on  hunaa  horodity  is  a 
rooord  of  tho  oasos  of  disoaso  oausod  by  disordors  in  tho 
.sot  and  struoturo  of  hunaa  ohronosonos*  Among  thoso  disoasos 
aro  Klinof alter 's  syndrono*  tho  XIX  syndrono  Ttriplo-X)*  | 
^^rnar's  syndrono  (tho  ShoroshoTSkiy-Turnor-BonnoTio-Ulriotr-- 
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nVadroM)*  9»ini*t  ijniteM**  «i4  ijfiiArtMf  ^ 

th»  with  whioli  tiMf •  —wt  it 

tittly  hlA*  tittit*  iimULrtpt  it  •^wifttiff^  $m  *kt 

ftttragt*  iA  tttt  attfktfA  Ml#  tH  SS9»  EiiMtlttr’^t  tui 
TttmtrU  mteoatt  ttatilMA  ttMir  wiik  tint  frttutaty, 

Xa  ttM  Mitt  tf  A  iMUiAt  iA  tAt  AwipAA  tf  AAiAtitAt 
uAdtr  tht  la^lAtAtt  tf  rtAitiitA  (Iqr  ttAitritiA  vitA  iAtir 
ntturtl  Vftt)  «At  tiAdf  tf  tMVtsiAtitSjr  tAilAftt 

vbt  Attt  ffm  AirtA  tiihrtytirttA  tAt  mtttt  tf  tAt  it* 
erttttd  AtAlttltn  AttAfAtuiiA  ttt  fitt  tttiittittliy  tiiiil* 
fietnt  dt#t« 

HttttioQt  la  tWMtit  otilt»  «AitA  totur  ia  taArytt 
•r  a4ttltt  afttr  Injttry  to  lartiiftrttiaA  tittatt*  eoAttiiatt 
a  itptrtit  tatafttf*  Jjaoac  iAttt  thttgtt  art  itaAtttt  tat 
oth»T  eattt  tf  nail^uust  gAtiriA*  ptAtiai  aibiaita*  tAaaoat 
in  ssXw?  «f  a  part  af  tAa  irit*  aaA  ttA«rt»  St  twa 

aatat*  itAAttft  aaA  aaXifntat  frawtA  art  attaolataA  with 
dafialta  ahratattaa],  ohaaftt^  Zt  hat  baaa  thava  that  in 
paopla  siek  with  ohraaio  ayaiacthaut  ituktAia  aaa  af  tha 
ehroAoaoAaa  In  tha  21at  pair  it  aharttaad  haoauta  of  dt^ 
atruotlan  of  a  portion  of  tha  ftaatio  laatarlai  in  tha  loag 
am  of  thia  ehroaotooia* 

Tha  prablaa  of  oanoar  and  iaukatat  of  radiation 
origin  ia  of  dafinita  inpartanooi  battaaa  thata  diaaataa 
ara  oanaad  by  injury  to  haradittiy  tall  avruoturaa*  Thara-* 
fora I  thay  beour  aftar  tha  affaet  af  law  Aataa  of  radiation, 
whoa  a  affaota  aoouantlata  aaaiplataXy  or  to  a  oartain  dagraa 
aftar  ohranio  irradiation*  XAa  data  af  ianiaing  radiation 
of  35*50 r  doublat  tha  rata  af  taaurranaa  af  laukotaa  whan 
tha  bulk  of  tha  bona  ouirraw  it  irradiatad*  Xn  thia  oon- 
naotion,  irradiation  of  ehildran  it  partiaalarly  dangaraua* 
Thus*  a  diagnottia  atndy  in  pragnaaay  akunra  a  ttatiatioally 
appraoiabla  inoraata  in  tha  niatber  af  aaaat  of  iaukatat  in 
tha  offspring.  Tha  groat  duration  af  tha  lataat  pariad  ia 
tha  ooourraaoa  of  mlignant  growth  aftar  irradiation  thaws 
that  ohangat  in  tha  haraditary  ayttaai  af  tha  otll  loading 
to  taallgnanoy  ara  not  diraotly  attaaiatad  with  tha  oaour* 
ranoa  of  rariout  nutationt*  Tha  aarainagtnia  affaot  of 
radiation  la  tha  iaqpatut  far  tha  gaaatia  aralutian  of  tit- 
tuat,  loading  to  mlignant  growth*  Tha  taqualaa  af  tha 
atoAio  bomb  aaploaiont  in  Xirathiaa  and  Vagataki  with  ra- 
spaet  to  tha  oeourranoa  of  radiation  Iaukatat  and  oanoar  ara 
baginning  to  ba  axprattad  only  now*  It  hat  baaa  datartinad 
that  tha  nuttbar  of  oatat  af  laukatit  and  tha  aoeurranoa  of 
othar  malignant  tumors  ara  appraoiably  graatar  among  paopla 
iwho  hara  boon  tubjaotad  to  irradiation  from  thata  asplatiaati 
[a  tpaoial  analysis  of  tha  rmota  af  foots  in  aiioa  azpotad  M  ‘ 
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Its*  •ffot  mt  radimtlM  fr«i  •apAiriMat*!  MplotlM  tf  Ik 

'atfii  1»Mfe  *ls*  sSMT^d  th«  MMirMS**  tf  Mid  •tSMr  ' 

■nUgRMit  tmr*  in  tut  ftiiMit*  AftM  tS*  tf  ami** 

taaaa  ttaaaa  ditaaiaa  •aaaai^ad  iiaM  aftaa  Muui  atiar  Hi*  la* 
flaaaaa  *f  cMaaaoiradiatlaa* 

TIm  atarllliiad  af#aa«  •#  radiatlta  aa  hwaaa  aad  aaa- 
Mllaa  faaada  1«  taiaalatad  vit^  a  diffardatiatad  idfla* 
anaa  aa  ▼arlau*  ayaaa  af  aaUnraaia  aalla*  Za  aaakafa  aad 
aiaa  it  has  hash  aha«a  Mt  aaat  »adia*aanaMivt  ara  th* 
tjpa  B  saaMatagaaiat  aftar  thaa  aaiM  tha  tyB*  ▲  apanaata* 
gaaia  aad»  fiaally,  tha  spaaiMtaajrtaiti  Aftar  irradiatiaai  la 
daaaa  vhlah  kill  tha  tjrpa  B  aparaatagania  hut  ara  aat  lathal 
far  tppa  A  spanaatagaaia  a.  aharaatariatia  pietura  af  taapar* 
ary  atarllity  aaaura*  Za  this  aasa#  a  aartaia  tiaa  aftar 
tha  pariad  af  aasiplata  atariiity  a%aaad  by  daath  of  ^o  highly 
radiaaaaaltias  typ*  3  spamatagaaia*  tha  aapaaity  *f  aulti- 
pliaatiaa  la  ragalnad  at  abaat  tha  tiaa  af  aaturatiaa  af  tha 
aurrlTlag  typa  A  aparaatagaaia*  Oaaplat*  atarility  fraa 
ahioh  thar*  la  no  raoarary  aaoara  aftar  daaaa  uhioh  kill  all 
tha  typaa  af  aparaatacahla*  Za  aan  Irradlatlaa  af  tha  t*stl» 
alas  with  a  doaa  af  i50r  oausaa  tavparary  starillty»  fraa 
whieh  thara  la  raoarary  aftar  U  haatha.  Aftar  laoal  Irradla* 
tiaa  af  tha  gonads  oohplata  atarllity  la  aaa  la  aauaad  by  ths 
aotiaa  of  radlatloa  la  a  daaa  af  500<-g00r* 

Stttdlaa  on  tha  radiation  ganatioa  af  baetarla*  Tirttsaa, 
antlblatlo  produoars,  aadlaiaal  plants  and  son*  athar  organ- 
laaa  ara  oasantlal  for  nadioiaa*  At  tha  praaant  tlaa>  all 
tha  strains,  whioh  ara  industrial  antiblatie  praduoars  la 
tha  aadloal  Industry  of  tha  U8S1I  and  tha  ant  Ira  war  Id— pro- 
duoars  of  panlolllln*  straptoaoreln ,  auraaaqroln  and  tarra- 
aqrela— hara  baan  abtalnad  by  aaaas  of  radiation  solaetlon 
with  tha  utilisation  of  lanlalag  radiation,  ultrarlolat  ll^t, 
radloialaatlo  agaats  (athylaaalaiaa,  amatard  gas  and  otharaj. 

By  oaaparlsan  with  tha  natural  strains  tha  produatlTlty  af  a 
nuabar  of  uodara  strains  has  boon  Inoraasad  by  thousands  af 
tlaas  by  radiation  salactlaa*  Tha  aala  eantor  for  work  an 
radlatlan  aalaotlon  of  antlblotlo  pradaeors  in  tha  USSR  is 
tha  laboratory  af  Salaotlan  of  tha  All-unlon  Znstltuta  of 
Antlblotlo*.  Froduoors  of  witasiins  aad  otbar  waluabla  faad 
aad  aoanorolal  aganta  ara  also  iagwarad  by  natbods  of  radia¬ 
tion  solootlon*  Ondor  tho  laflaoaoo  of  radiation  thoro  la 
also  a  obanga  in  tha  Tlrulaaea  of  pathogonio  baetaria  aad 
▼iruaas*  Thora  ara  quito  a  faw  ozanplaa  of  produotion  of 
oonnoreially  waluablo  radiation  nutanta  in  i^aat,  bar lay, 
tanatoaa  aad  paaauts. 

j  As  ths  rssttlt  of  loeal  aad  gaaaral,  that  is,  swsr  thsj 

satirs  plaast,  inersass  in  tha  radiation  background  tbo  prob-l 
ion  of  noans  of  gonatio  adaptation  of  anlnals,  plants. 
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[■TioroergMilra*  wid  Tirutos  td  *hl«  a«w  factor  aosmioa 
tatieo.  lhl»  problm  la  af  portlaularly  treat  eurrant  laqpar- 
tanea  far  man*  Sxparimanta  with  planta  and  Mleraortaalama 
hara  ahewn  that  ganatio  arolutlan  an  an  inoraaaad  radiation 
background  la  acoampliahad  an  tha  baaia  of  aaiactiaa  of  wn- 
tatlans  inaraaaing  tha  radiaraaiatanea  of  tha  argaaltma*  In 
aplta  of  tha  idaaa  of  aama  faralgn  aoiantlata^ it  ia  oTidaat 
that  tha  forma  and  rataa  of  ganatio  adaptation  to  tha  in** 
oraaaad  radiation  background  charaotariatlo  of  wild  apaoias 
In  nature  are  to  no  dagraa  applicable  to  nan*  Xn  man  nat* 
ural  aalaction  has  bean  aliainatad  aa  an  avalationarjr  cata- 
gory*  It  haa  maiataiaCd  only  part  of  ita  aignifieanea* 
kaaplng  dawn  tha  apraad  of  marked  haraditary  diaaaaaa*  lead¬ 
ing  to  mortality  in  childhoods  to  a  raductian  in  tha  nn^as* 
of  offaprittgs  etc*,  and  which  hare  not  yat  aubaittad  to 
traatmantt  among  populations*  Iharafaroi  it  is  iapossibla 
to  protect  human  haradlty  against  tha  affaot  of  radiation 
by  aralutlen  of  bis  biological  prapartias  through  ganatio 
adaptation* 

for  tha  purpose  of  pratao^lng  human  haradlty  now  af- 
faotiva  ohamloal  agents  are  neadad  which*  by  acting  on  tha 
body  bafara  irradiation*  during  or  after  it*  might  prarant 
injury  to  nuolaar  struaturas  of  anbryania  and  samatle  calls 
in  man  oausad  by  tha  affaot  of  radiation* 

Studios  of  space  in  aooordanaa  with  an  axtansiva  mod- 
ioal-biologioal  program  and  tha  flights  of  SoTlat  oosmanauts 
hare  laid  tha  bases  for  spaoa  biology  (q*T*)i  sanding  up 
▼arious  objoots  an  s|»aaaships  far  o^a^natie  studios  has 
lad  to  tha  oraatian  of  spaoa  genet  las*  law  it  has  beau  as- 
tablishad  that  tha  spaeaflight  factors  oansa  dominant  and 
raoassiva  lathals,  a  change  in  orossingoTor*  and  nandis- 
^unation  of  chromosomes  in  drosophila*  In  aag(>ariiaants  with 
mioa  tha  appaaranoa  of  chrmaoaomaX  raarrangamants  haa  bean 
found,  lha  soma  pbanosHma  bawa  bean  found  in  arparimants 
with  plants*  jUt  analysis  of  tha  influanca  of  sueh  factors 
as  yibratloa  and  waightlassnass  shows  that  they  also  oausa 
ganatio  changes*  During  brief  flights  tha  affaot  of  spaoa- 
f light  factors*  particularly  cosmic  radiation  (q*r*)  on 
haradlty  has  no  praotioal  impartanoa*  Hawawer*  the  rale  of 
this  influanoa  and  partlouXarl/  of  oaanio  radiation  will 
inoraasa  sharply  undar  oonditions  of  long  fll^^ts  Into 
spaoa*  This  applias  both  to  tha  organisms— tha  participants; 
of  tha  olosad  aoologioal  aystam  af  tha  spaoashlp  and  tha  oos- 
monauts  thamsalvas*  At  tha  prasant  tina*  sclantists  ara  us¬ 
ing  linaar  aooalarators*  nuolaar  raaetars*  and  other  souroas 
iof  lonialng  radiation  with  the  aim  of  studying  ths  affects  03^ 
^aary  parti elas  on  tha  heredity  of  living  organisms*  Saa 
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also  trarl&tlont  radiation  iloknassi  maiotlai  human  haradity^ 
polyploidy,  radiobiology,  radiology,  radiation  toxicology, 
and  chromosomes . 


Bibliography 

1.  Dubinin  w*  P.  Probleay  Radix tsionnoy  gene tiki  (Problems 

of  Radiation  Genetica),  Moscow,  1961,  Bibliography. 

2.  Dubinin  N»  P.  Controlling  the  Natural  Mutation  Process, 

In  the  Bookj  Hadiata,  Genet ika  (Radiation  Genetics), 
Bdited  by  V,  A*  Engergardt,  p  279 ♦  Mosoov,  1962. 

3.  Dubinin  K.  P. ,  Kerkie,  Yu.  Ya.  and  Ubedeva  L,  I.  Sffekt 

Malvkh  Dot  Rttdiatsii  na  Khromoaomnyye  Perea troyklpri 
Qbluchenil  Kletok  v  .Kul*  turakh  Rabrional* ny lai  Tkangy 
CheYoveka  (We  L-m?  Doses  of  Radiation  on 

Shromosomai  Rearrangeiaents  After  Irradiation  of  Cells 
in  Cultures  of  Human  B®bryonio  Tissues).  Moscow, 
i960,  Bibliography. 

^ •  lonitl ruyushchiy®  Itluchonlya  i  Nasledstvennost  { lo n - 

iz.£^  Radiation  and  HoredityTVEdited  by  N.  F.  Dubinin, 
Moscotv,  i960.  Bibliography, 

5.  Iskuaatvonnyve  SButnikl  Zemli  (Artificial  Earth  Satel« 

iTTc s) ,  No  10,  1901. 

6.  FritZ‘*Niggli  H.  Radiobioloan^.  Its  Principles  And 

asents ,  Trans  latTonirom  the  Gorman ,  Moscow ,  1961, 
Bibliography . 

7.  Irita-yiggli  H.  Effects  of  Ionizing  Radiations  on  Seeds- 

Prop.  Syipp.  Karlsruhe,  International  Atomic  . Enei'gy 
J^encjT,  Vienna,  i96trr 

8.  Muller  H.  J.  Artificial  Transmutation  of  the  Gene, 

aclencfe,  \/'ol  66,  p  84,  I927. 

9.  I'iusseil  L. ,  Russell  L»  3.  and 'Kelly  E.  M.  Radiation 

Bose  Hate  c-nd  Mutation  Frequency,  Opus  Cit«,  Vol  128, 
p  lj546,  191>8,  Bibliography. 

10.  Schwartz  B,  B.  and  Upton  A.  C,  Factors  Influencing  the 

Incidence  of  Leukemia;  Special  Consideration  of  the 
Role  of  lonli-ing  Radiation,  Blood,  Vol  13,  p  84^,  1953. 

11.  Stadlar  L,  J.  Mutations  in  Barley  Induced  by  X-Rays  and 

Radium,  Science,  Vol  68,  p  136,  1923. 

12.  rpton  A.  C . ' ' and'"!!)'.’  Some  Delayed  Effects  of  Atom-Bomb 

Radiation  in  Mice,  Cancor  Res.,  Voi  20,  No  3,  p  2, 
i960. 


:n»  P.  Dubinin 


Radiation  Hygieno 


Radiation  Uygiono  i«  a  branch  of  hygiono  which  takeis 
up  the  study  of  tho  ©ffoot  of  radioactir*  aubatancos  in  Iqu- 
ining  radiation  on  wan  and  tho  group »  the  substantiation 
and  dovoXopmont  of  sanitation  si-^mdards  as  wall  as  other 
ntoasuros  assuring  radiation  safety  of  the  population,  per¬ 
sons  vjorking  with  radioactive  agonic,  and  other  sources  of 
ionising  radiationw  t'ho  aim  of  radiation  hygione  is  the  pre¬ 
vention  of  disease  and  other  pathclogloal  manifestations 
caused  by  the  action  of  radioactive  substances  and  ionising 
radiation  on  man.  Tlie  creation  of  radiation  hygiene  as  an 
independent  branch  of  sclenco  in  the  Soviet  Union  occurred, 
in  the  1950’ s.  The  first  radiation  hygiene  Soboratories  in 
the  Soviet  Union  were  oreatod  in  the  biophysics  department 
of  the  Institute  of  Labor  Hygiene  and  Occupational  Slsoases 
of  the  Academy  of  Hodical  Sciences  USSR.  Then,  outside  of 
this  Institute,  these  laboratorioK  were  converted  into 
scientific  rcioaroh  centers  orf  the  radiation  hygiene  of 
labor,  radiation  ooimaunity  hyglon*,  protection  and  dosimetry 
and  moans  of  Individual  protection#  These  laboratories 
exerted  a  groat  influeno©  on  the  developaent-  of  radiation 
hygiene  in  the  Soviet  Union. 

On  the  basis  of  nuiuerous  studies  by  workers  in  these 
laboratories  the  basis  was  laid  for  sanitation  legislation 
in  the  field  of  radiation  safety  of  the  Soviet  Union.  In 
l95'Jt  the  first  official  ’’Sanitation  Regulations  and  Stand¬ 
ards  for  '.Vorking  with  Hedioaotiv©  Isotopes”  were  ptiblished 
in  the  Soviet  Union.  In  1957  anti  then  In  i960  these  z'egula- 
tions  wore  supplemented,  revised  and  published  as  the 
"Sanitary  Regulations  for  Working  With  Radloaotlve  Sub- 
stances  and  Sources  of  Ionising  Radlatlun*"  In  addition, 
a  number  of  methods,  guides,  instruct lone  and  sanitary 
regulations  wore  published  on  problems  of  radiation  pro¬ 
tection  and  radiation  safety.  I-.  1959,  the  Sbernik  Radio- 
ktiiiaioheskikb  i  Doaimetricheaklkh  Metodlk  ( C ol  1  e o t i on  of 
Radr«>olie!nical''  and  Cosiuietric  'Methods ) ,  " 

In  1957*  in  Leningrad,  the  Institute  of  Radiation 
Hygiene  of  the  Ministry  of  Health  RSFSR  was  created  which 
directed  scientific  mothodolcgioal  work  of  radiology  groups 
of  the  sanitary -epidomioiogioal  stations.  In  all  the  in- 
etitute*  of  hygiene  of  the  Academy  of  Medical  Sciences  and 
ii  a  niuaber  of  other  scientific  institutions  departmsnts  of 
radiation  hygiens  were  crganleed.  In  1958,  the  affiliate 
of  the  Leningrad  Institute  of  Radiation  Hygiene  was  created.  | 
(In  195? »  at  the  Central  Institute  for  Advanced  Training  of — 


tPRyslclans  In  Motoow  a  ohalr  if  radiation  hy«iona  was  oroaf? 
•d.  In  1960,  chairs  of  radiation  hygiono  wore  organiaod  at  I 
the  Leningrad  and  Kier  institutes  for  advanced  training  of 
physiolenis*  Radiologloal  groups  have  been  created  and  are 
being  developed  in  the  majority  of  oblasts  and  large  city 
sanltary**epidemiologleal  stations. 

The  variety  of  fosns  of  utilisation  of  atomic  energy 
in  the  national  economy,  soienoet  and  others  as  well  as  the 
variety  of  means  of  posslblo  influence  of  radioactive  sub« 
stances  and  ionising  radiation  on  sMn  have  been  responsible 
for  the  development  of  several  branches  of  radiation  hygiene, 
each  of  which  has  a  number  of  trends.  The  following  have 
been  most  developed:  radiation  oommunlty  hygiene,  including 
elements  of  nutritional  hygiene  associated  with  it;  radia¬ 
tion  hygiene  of  labor,  within  which  the  development  of  aeons 
of  individual  protection  was  initiated  and  became  an  inde¬ 
pendent  branch.  The  branch  of  physloa.  whloh  takes  up  prob¬ 
lems  of  protection  against  psnetrating  radiation,  is  a  re¬ 
lated  one.  associated  with  radiation  genetics  and  is  being 
sucoessfully  developed. 

The  main  trends  of  studies  in  the  field  of  radiation- 
oommunity  hygiene  include  the  following:  1.  Study  of  tho 
rules  and  regulations  of  behavior  of  radioactive  agents  in 
the  onvironmont  (in  ths  atmosphors.  soil,  water  bodies, 
underground  water),  the  effect  of  thoao  substances  on  the 
sanitary  state  of  the  environment  and  olarlfioatlon  of  the 
role  of  various  factors  determining  the  degree  of  accumula¬ 
tion.  strength  of  fixation  and  degree  of  migration  of  radio¬ 
active  agents  under  natural  oondltions.  2.  Determination 
of  the  rules  and  regulations  to  which  the  processes  of  passage 
of  radioactive  substanoes  from  the  air.  soil,  and  water  into 
biologloal  structures  and  into  the  huou:n  body  are  subordinate. 
3*  Determination  of  the  correlation  between  levels  of  con¬ 
tamination  -of  the  environment  with  radioactive  agents  and 
their  content  in  various  human  tissues.  The  signlfisanoe 
of  these  studies  is  determined  by  the  need  for  creating  a 
theoretical  basis  for  the  hygienic  evaluation  of  a  situa¬ 
tion  whloh  has  occurred,  for  prognosis  and  substantiation  of 
prophylactic  measures.  Incidentally ,  they  have  made  it  poi»- 
sible  o  introduce  essential  changes  into  the  method  of  cal¬ 
culating  the  permissible  concentrations  of  some  radioactive 
Isotopes.  4.  The  study  of  the  long-term  effect  of  small 
quantities  of  radioactive  agents,  including  natural  agents, 
and  low  doses  of  ionising  radiation.  This  study  is  luado  up 
of  the  determination  of  the  dos ^  of  radiation  received  by  the 
organism  and  determination  of  the  effect  caused  by  this  dose,, 
jinoluding  the  remote  consequences.  3.  Substantiation  and  f 
idevelopraont  of  measures  directed  at  she  prevention  of  — 


fconta.-aination  of  tho  environi.iont  with  radioactivo  agents.  ( 
o.  Th&  ■.levolop’.noat  of  metaods  of  sanitary  control  of  source'j 
of  contaxiination  and  the  radiological  purity  of  tho  at.iios- 
pheric  air,  water  bodies,  underground  water,  soil,  as  well  as 
drinking  water  and  food  products,  7,  Participation  in  the 
developiaent  of  rnethods  oi  deactivation  of  driukitig  water  and 
food  products,  d,  A  search  for  ^^)ean;;  and  the  developinent 
of  methods  which  make  it  possible  to  reduce  the  ;.iigration  of 
radioactive  agents  along  food  cii.iins  and  to  limit  Lho  degree 
to  which  they  accumulate  in  the  hujnan  body.  9*  otudy  of 
iworklng  conditions  -with  radioactive  substances  and  sources 
of  ioniaing  radiation  in  therapeutic-prophylactic  institu¬ 
tions  and  tho  development  of  measures  assuring'  radiation 
safety  of  the  personnel,  patients  and  population. 

On  tho  basis  of  material  obtained, tfcu  division  of 
sanita  legislation-  which  regulate  the  sanitary  condi¬ 
tions  in  the  IT ir!.‘  of  institutions  in  which  work  is 
being  done  with  radioactive  substances  and  emanations,  is 
being  further  developed;  a  study  is  being  aiado  of  conditions 
for  the  romovai  and  deactivation  of  radioactive  waste,  the 
siia  of  sanitai'y-protec tiva  areas  around  institutions  and 
units  Which  are  sources  of  contamination  of  the  atmospheric 
air  or  sources  of  penetrating  radiation,  and  the  existing 
permissible  concentrations  of  radioactive  agents  are  being 
made  mcro  exact  and  new  ones  are  being  developed  for  atmo'?- 
pheric  air  and  water  as  well  as  for  the  content  of  radio- 
.active  agents  in  the  human  body;  the  same  is  being  do.se  for 
the  permissible  doses  of  ioniaing  radiation  for  the  popula¬ 
tion, 

^mong  the  main  trends  of  work  in  the  field  of  radia¬ 
tion  labor  hygiene  are  tho  following!  1,  Study  of  working 
conditions  during  work  with  radioactive  substances  and  other 
sources  of  ionizing  radiation  wdth  consideration  of  the  en¬ 
tire  combination  of  factors  acting  (weather,  noise,  illumin¬ 
ation,  and  others}.  2,  Study  of  tho  properties  of  radio¬ 
active  aerosols,  their  behavior  (as  well  as  the  behavior  of 
radioactivo  gases)  in  work  px'e>niS0S  and  rtcans  of  theii'  pos¬ 
sible  influence  on  man  (inhala,xon,  penetration  through  tho 
skin,  on  tho  visual  organs,  and  others),  3,  -1  study  of 

work  physiology,  general  and  occupational  disease  auring 
work  with  radioactive  agents  and  various  types  of  ionizing 
radiation*  4.  Studies  in  the  field  of  individual  and  gen- 
Oial  _dosiiiieti-y  of  various  ..ypes  '^t'  ionizing  radiation  along 
the  .lino  oi’  providing  tiie  most  effective  metnods  of  sanitary 
control*  5,  Hygienic  evaluation  of  conaitions,  substantia- 
jtion  find  recomraendat ion  of  prophy lacti and  health  improve- 
Iment  measures  assuring  safe  working  conditions  aionfr  the  fol- 
-ibjwing  lines:  e)  improvement  of  methods  cf  thoir  apolicati'bn 


pfor  purposas  of  raduoing  oooupational  hacardst  b)  moro  af-  | 
feotiva  planning,  from  a  sanitary  aspaot,  for  work  and  aux«>’ 
illary  pramisasi  c)  moans  of  air-tight  saaling  of  touroas 
of  radioaotiva  gasas  and  aerosols  as  wall  as  rantllatlon  of 
work  praialsasi  d)  soraening  of  souroas  of  ionizing  radia¬ 
tion*  6*  Svaluatlon  of  axisting  uathods  and  the  doYolop- 
mant  of  now  ones  in  tha  field  of  Individual  and  group  pro¬ 
tection,  deactivation  of  affaetlva  surfaeas,  special  work 
clothing,  skin  and  others.  7*  Introduction  of  corrections 
and  additions  to  appropriate  divisiona  of  existing  sanitaury 
legislation  in  tha  field  of  radiation  labor  hygiene,  tha 
davalopniant  of  sanitary  regulations  for  various  types  of  in¬ 
stitutions,  units,  and  others,  designed  for  working  with 
radioactive  agents  and  aotireea  of  radiation;  the  develop¬ 
ment  of  instructiTfe  materials  and  methods  guides,  making 
permissible  concentrations  of  radioactive  substances  more 
exact  and  developing  new  ones  for  the  air  of  work  premises, 
and  the  same  for  permissible  levels  of  contamination  of  ef¬ 
fective  surfaces,  special  work  clothes,  skin, and  permissible 
doses  for  occupational  irradiation,  etc. 

In  the  field  of  creation  rf  means  of  individual  pro¬ 
tection  and  protective  coverings  the  main  trends  are  the 
following:  selection,  development  and  study  of  materials 
suitable  for  manufacture  of  individual  protective  facili¬ 
ties  from  them  (respirators,  insulating  suits,  special  suits, 
special  footwear  and  others)  and  protective  coverings;  the 
creation  of  new  and  perfection  of  exist means  of  indi¬ 
vidual  protection  designed  for  work  under  conditions  of  an 
envirotunent  contaminated  with  radioactive  agents;  complete 
testing  of  individual  protective  agents  and  protective  cov¬ 
erings  under  laboratory  and  industrial  conditions. 

In  the  field  of  protection  against  penetrating  radia¬ 
tion  and  dosimetry  under  laboratory  and  natural  oonditions 
studies  are  being  mado  of  the  following;  the  properties  of 
the  physical  parameters  of  different  types  of  radiation  and 
their  sources;  protective  properties  of  different  materials 
suitable  for  manufacture  of  protective  shields;  the  crea¬ 
tion  of  theoretical  bases  and  methods  of  calculating  pro¬ 
tection  for  the  insurance  of  the  safety  of  those  working 
with  various  sources  and  types  of  radiation;  the  develop¬ 
ment  of  methods  of  calculating  doses  received  by  different 
organs  and  tissues  of  the  human  body  after  external  and  in¬ 
ternal  irradiation;  substantiation  of  the  permissible  con¬ 
centrations  of  radioactive  agents  in  tho  air  of  work  promises, 
in  the  atmospheric  air  and  in  water,  substantiation  of  the 
j permissible  doses  of  different  types  of  radiation,  the  devel4 
I opraent  of  new  and  improvement  of  existing  dosimetrio  instru- 1 
-ments  and  methods  designed  for  measuring  various  types  of 
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f  iradifttiou  in  tSri®  envlronmattc  and  datardaiaing  t-he  oont-ent  o.^ 
radloaotiv®  aiibstaaoeis  in  th®  huawxn  body. 

JLifco  Aliy  othor  tijranoh  of  bygl«n«.  radiation  hyglarife 
if  a  comprehsnsiv®  seiono®  utiilie>ing  tue  mathods  and  raaults 
of  studies  cond’ucted  in  v&rioua  flalds  of  scianco.  S'or  tha 
p!jrpo«c  of  studying  and  hygienic  eraluation  of  the  sanitary 
condition  of  the  enviro/iment,  doslmatric^  radicchoiaioal* 
radiofciologioal*  ®!;att»tio»l,  aiJd  other  methods  of  study 
uaed  in  hygienic  practice  are  utilised.  In  the  study  of  the 
affect  of  radioactive  agents  and  ioniaing  radiation  on  man 
extensive  use  is  made  of  sanitary"t'oxlcolagiO|,  clinical-* 
physiologicai*  radiobiological,  physiological,  dos:mBtTi:u 
r&diochoaioaX,  sanltary-^statistical  and  other  methods.  One 
of  th«  main  factors  playing  a  positive  part  in  the  rapid 
dovelopsaent  of  radiation  hygiene  has  bean  the  close  Associa¬ 
tion  of  methods  of  in'^sstigatlon  with  ^zpex'ixeunt'il  work  C'?n~ 
ducted  both  under  iabarafcory  oondition*  and  in  nature.  Uxe 
exfconsive  utilization  of  the  latest  eleotronlo  instruments 
for  these  purposes,  part  of  whiob  is  being  designed  by  -phy¬ 
sical  engineers  of  hygienic  institutions  based  on  specific 
problems,  ts  staking  it  possible  to  carry  out  studies  on  tho 
oui-rent  sciontifio  level. 

As  orporionoe  has  shown,  the  most  suocossful  and  pro¬ 
ductive  for.-n  of  crg-anixation  of  invest igatr ions  for  solving 
radiation-hygienic  probletes  is  the  coiaprehonsivo  work  of 
hygisniists  with  specialists  in  different  categorios  (phy¬ 
sicists,  radxoohontists.  toxicologists,  raiorobi  ologists  , 
physiological  clinicians,  sanitary  engineers,  gsologists 
and  others ),  Th®  fornsa  of  comprehensive  work,  the  nimbsr 
and  ci^t^agoj.'y  of  parfAolpants  may  be  different  and.  ar©  detar- 


rslnea  Ir.  .j-j-fti-y  specific  case  ir  accordance  with  the  r^atax'H,. 
y'jluKso  and  coHipj -jixity  of  the  ta.sks  c.r  probl<-iai&  which  ns*ed  co 
bo  sclTed..  In  on©  case,  this  is  assured  by  tho  partAcipa" 
tion  of  spaoialists  of  dxf.tcrent  categorio.s  wUo  are  tc  mat© 
up  various  radiation -hygiene  .l.aborato.ri«s ,  In  a.notb.©.v,  th© 
co-.iblnod  participation  of  a  number  of  laViOi-atoric.s  and  ether 
divisions  of  a  given  institution  -ia  neoeasary,  .For  solving 
sciio  problems  coonbined  pas tioipation  of  ocher  ds.i©ritiric-  re¬ 
search,  planning  and  designing  organ.! of  the  appro- 
cat-' y;ori  and  various  ©rpr  is-ss  ,  etc*,  alcnf;;  k;.  ah 
the  radiation-hygieiste  Institution,  .'b?  most  pvodi5C.ii.v'''5. 
llifereby,  in  all  oases  the  itygienlo  purposivenos'i'  o.f  the 
studi«.s  shcu3.d  bo  oaintainod  'n  a  o.l0ar«cut  manrjer.  duch 
forajs  of  work,  by  making  the  acoompllsiunent  of  tho  tasks 
#.%si0r  and  enriching  radiation  liygieno,  make  t  pQ.s'-ib.l&  to 
,  iti'jdy  the  puencrae-.a,-  cuntributlr^;  to  or  the  effect  o^ 

;  Icnixicg  rad-latio.-i  on  aaen  from  all  sides,  -to  hv;.ueri..1.fe 

'"-requirements  in  pi'actioe  inor»  rapidly  and  aioi'o  conspieteiy 


pComprehonsivc)  hygienio  studies  and  thulr  realisation  on  tha 
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I*:  iyorking  out  ."Gientifi c  problea'.s  baKusd  cn  require-" 
raents  ar  advu'icod  by  practice,  radiation  hygiene  utiliRGS 
all  thet  results  c;f  studies  Tor  the  needs  of  practice,  ■with 
Khich  it  is  org’S.n'^  cally  associated. 

State  sanitary  control  of  the  fulfillraent  of  the  re- 
quirewGuts  of  sacitary  legislation  oh  problems  of  radiation 
hyg-ieno  in  the  coviet  Union  is  exetreisod  by  the  radxolog;/ 
groups  of  sani iary-epideji'-iological  stations.  The  forms  of 
sanitar]'  control  are  in  principle  tha  same  as  those  gener¬ 
ally  aoceptod  in  sanitation  practice,  including  preventive 
an«J  SE.h.k U3. )■  iusnactiun,  Xa  G'ork,  co/iiav'c  hatw-tien  radiology 
groups  of  the  sanirary-epideiKioiogicai  .statioxis  and  appro-’ 
pxiate  uuientific  reaearoh  institutions  is  creatiing  -pbe 
necessary  basis  for  tb.eir  productive  activity, 

Jork  i'a  the  radiation  hygiene  is  being  publisbod  in 
the  fenn  of  r,;oaographs ,  collections  as  well  as  ^journal 

X  ^  Sanita r i a 
logiya  *1  Medici  .1, 

(Hygiene  of  i.abor’“and  Occupational  diseases) ""and  otKel'S, 
P-Spublio  and  o'Chtsi’  conf ei-oaoos  ar-e  held  reguiai'ly  on  various 
problcriir! ;  .■jj.vj'iposie  ,  e'tc,  are  held,  whex'S  various  prublams  -of 
radia tio-T  hygiene  .--.re  discussed.  ’Ihe  agency  which  cccrdl- 
n-.',tos  scientific  reseai’Ch  in  the  field  of  radiaf-iorj  hygiene 
IS  Che  ^jubcom-.n'itioe  of  Radiation  Hygiene  of  the  boionfcific 
Corsoii ttce  oi'  Hsdioai  Radiology.  Sea  also  Uoses  of  Ionising 
Radiate  (u-j ,  A'nt'i.radia  tion  I'rotocti an,  Radioactive-  'Wast©, 

Radi  aif-efcopa  Laboratory,  Radiation  Toxicology, 
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it-ev  X,  u,  Spravochniw  po  Hadioaktivnym  I?iluG.V>.&niyaju 
1„  ..■Zu^hcn.ite  (Reference  _Boc*e  olx"  Radiation  and  Fro*' 
l-’-ctiorT'.  Moscoss,  1956,  bibliography, 

(Hadiution  Hygiene),  vois  I  -  II, 
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djatslonpayu^  yiehitsina  (Radiation  Medicine),  Edited  by 
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Radiation  Conditions 


The  x-adiation  conditions  refer  to  the  state  of  a 
locality  after  i%n  atomic  or  thexteonuclcar  explosion  on  or 
over  it  (the  boundaries  of  tb,e  suspected  areas  of  oontawi- 
nat-ion,  jradisitlcn  levels,  etc.).  The  explosions  of  atojrdc  &n<i 
thervicnuclear  weapcnr:'  are  associated  wi.th  production  of  a  larfite  nuwber  of 
nuiioaetivs  substances .which  inolude  chiefly  nucleai-  fission  produol^ 

(see  Atomic  iveapons),  Tlteir  totax  activity  can  reach  10'*' 
curies,  which  corresponds  to  hundreds  of  saillions  of  tons 
of  radium.  In  addition,  the  soil,  water,  various  structures 
aud  other  objects  in  the  explosion  area  become  radioactive 
(as  th«  result  of  nsutrcn  irradiation).  Thus,  for 
the  soil  acquires  an  induced  radioaotivivy  wnich  reaches 
curies  or  mere  after  a  ground  explosion* 

'i'he  contamination  of  a  locality  along  tha  route  of 
passage  of  a  cloud  is  called  a  ’’radioactive  cloud  trail." 

All  objects,  soil,  vegetation,  various  structures,  equip*' 
ment  and  people  coming  into  the  area  of  the  cloud  trail  are 
contaBninated  radioaotively  because  of  the  fallout  of  finely 
dispersed  radioactive  particles  on  them,  Cozvtamination  of 
food  products  and  water,  the  consumption  of  which  can  be  the 
cause  of  internal  contamination  of  man,  is  of  particular 
clanger,  Such  contamination  can  be  prevented  by  using  moans 
of  group  protection  (see  Shelter)  or  of  individual  protection 
(sea  Gas  .Mask,  Antiradiation  Pr*  teotion) .  Tor  the  purpose 
of  determining  the  radioactive  contamination  of  food  products 
3ttd  water  in  the  area  of  the  cloud  trail  radiomatrio  studies 
are  used  (see  Radiomotry  Under  Military-Field  ConditionvS ) . 

Ti^e  forms  and  sizes  of  contamination  areas  along  the 
trail  of  the  radioactive  cloud  depend  on  the  type  and  power 
of  tb,®  explosion,  the  nature  of  the  locality  and  the  soil, 
the  weather  conditions  (direction  and  speed  of  the  wind  and 
others).  As  a  rule,  the  cloud  trail  is  of  an  elliptical 
cigar  shape  with  the  ratio  of  the  lengths  of  transverse  and 
longitudinal  axes  being  1;6-1}10,  The  dimensions  of  this 
ellipse  can  reach  a  length  of  500  kilometers  and  a  width  of 
60  kilometers  after  the  explosion  of  a  megaton  bomb.  "Iher'-t- 
by,  the  inten;iifcirts  of  radiafcior.  doses  along  rhe  axis  of  the 
troll  a.»iount  to  hundreds  of  roentgens  per  hour.  In  order  to 
avoid  injury  to  people  in  a  oontaminated  locality  and  to 
organiaa  f^roperly  the  combat  activity  of  troops  after  the 
use  of  nuciesr  weapons  by  an  enemy,  a  necessary  condition 
is  the  prediction  of  probable  boundaries  and  levels  of  oor- 
j  tawin.'AUion ,  which  are  subsequently  made  more  exact  on  the  | 

I  basis  of  data  of  radiation  survey,  _ ] 

Tar  vbe  purpose  of  predictions  the  following  data  are 


pnodddd:  the  type  and  power  of  the  exploeion*  the  looatlonTJ 
of  the  epicenter  (center)  of  the  exploelon,  the  average  wirid 
speed  and  direction  in  the  given  area*  According  to  these 
data*  the  orientation  limits  of  the  suspected  areas  of  con¬ 
tamination  with  different  radiation  levels  are  recreated 
with  the  aid  of  special  ellipsoidal  stencils  on  a  map, 
that  is,  the  radiation  conditions  in  the  locality  ar©  deter¬ 
mined. 

Evaluation  of  the  radiation  conditions  in  the  local¬ 
ity  as  a  factor  affecting  the  behavior  of  troops  includes 
the  following!  a)  determination  of  the  effect  of  contamin- 
ation  and  irradiation  on  the  fighting  capacity  of  the  per¬ 
sonnel,  tliat  is,  determination  of  possible  casualties;  b) 
calculation  of  the  radiation  doses  which  the  personnel  can 
recaiva  during  t5.ma  scant  in  the-  contaminated  locality  and  in 

w  *  ,  >• 
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pedient  actions  and  protective  measures  directed  at  reducing 
the  injurious  effect  of  radioactive  contamination  (working 
out  travel  routes,  selecting  the  type  and  determining  the 
rate  of  movement  of  transport,  the  expediency  of  using  various 
types  of  shelters,,  etc. ):  d)  protection  of  the  troops 
against  tho  possibility  of  radioactive  contamination  from 
an  approaching  radioactive  cloud. 

Eor  the  purpose  of  determining  the  radiation  condi¬ 
tions  and  for  more  thorough  subsequent  evaluation  of  it  a 
radiation  sur^'ey  is  made  by  special  military  units.  Among 
its  tasks  are  tho  following t  timely  detection  of  radio¬ 
active  contamination,  designation  of  the  boundaries  of  the 
contaminated  areas  with  warning  signs  and  finding  moans  of 
getting  around  the  contaminated  areas.  Radiation  survey 
can  be  conducted  by  means  of  dosimetric  instruments  from 
airplane  S  lioopters),  tanks,  armored  carriers  or  dosi- 

metrists  on  foot, 

For  accelerated  calculations  of  doses  received  by 
personnel  on  contaminated  territory,  for  rush  determination 
of  the  time  of  tho  beginning  and  length  of  time  necassary 
for  getting  around  the  cloud  t*ail,  for  determination  of 
the  permissible  duration  of  stay  on  contaminated  territory 
by  personnel,  etc,,  special  tables,  graphs,  nomograms  and 
dosimetrio  rulers  are  used.  Underlying  all  those  auxiliary 
methods  are  oalculated  formulas  which  can  be  used  directly 
also,  for  example,  the  expected  dose  rate  (F^)  at  any  time, 
t  hours,  after  the  explosion  can  be  determined. from  the 
formula i  where  Pj  is  the  known  dose  rate  at 

a  certain  time  (for  example,  an  hour  after  the  explosion). 

I  Vci0  total  dose  E  (ih  r)  received  over  several  hours  during  | 
Ithd  interval  between  tj^  and  hours  after  the  explosion  can* 

be  expressed  by  the  following  forraulat 
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Wiortt  Pi  ia  the  dose  reto  In  rcem.g»ns/hr.  one  hour  after  the 
explosion:  ti.  to  are  the  time?  In  hotirs  after  the  esplO“ 
a  ion  • 

The  ohoice  of  on*  method  or  another  for  obtaining 
the  data  depends  on  the  volume  of  problems  posed  and  the 
time  given  over  fvr  making  a  decision.  According  to  the 
data  of  the  foreign  press,  for  these  pui^poses  the  utilisa¬ 
tion  of  special  cociput  rs»  Which  not  only  predict  the  pos¬ 
sible  radiation  conditions  but  also  evaluate  different  var¬ 
iants  of  solutions  for  the  organlKation  of  combat  activity 
of  troops  on  a  contaminated  locality,  is  most  promising. 

Bibliography 

Tlie  Bffeot  of  Nuclear  Weapons »  Translation  from  the 

English,  Under'  ^he'  ii^itorship  of  V.  D*  Burlakov  and 
N,  N.  Tulinov,  Mosoov.  I960. 

3.  Ivanov  A.  I.  and  Rybkln  a.  I.  Porashayushoheye 

Oey&tviye  Yadernogo  Verwa  Tte*  Injurious  Effect 
of  Huclear  e aip on s | j  Mo"s c ow ,  i960* 


Yu.  Sebrant 


r 

i 


i 


Hfdiatlon  In3i»*l«e  in  Oonbat  ' 

Conibat  radiAtlsn  in;)uritt8  are  aondltiona  oatused  b^*  the  in^uriotui 
factor:;  of  atcade  (themotmolear)  weapons*  naaelyi  penetrating  radiation 
and  radioactive  agents  (see  itonie  Veapons). 

lifnder  the  lnilueno<K'  of  penoti^tlog  radiation  (gaatsa>radlatlon 
and  n^titrom)  disease  deval,o|>e  vhioh  t«  knonm  the  nene  ef  *radiatic»n 
sitskness.*  (q^.v*)* 

The  neatron  flx»:  arising  douring  axploeions  at  naolear  veapons  is 
very  brlat  (it  lasts  fraotlona  at  a  se«ond)aad  oovsra  a  »aeh  saall«r 
lu'ea  than  the  area  of  solid  destmation  fren  the  effect  of  tha  shook 
wave,  within  lisdts  cf  whieh  people  die  of  esolwuilcMl  in,ixiry*  However* 
itnder  3(»e  conditioRa*  in  sufficiently  pcnwrfhl  engineering  struotnres 
ncsr  tho  opissntsr  cf  the  blast  pcrscets  esii  be  left  Intaat  ahc  have  been 
subjeetea  to  zt»  arxeoc  or  tne  neutron  ilux.  imb  liijuiriis  wltU  tlils 
type  of  radiaticn  will,  apparently  oocur  if  the  Bo~ealle<i  neutron  boad^s 
are  used*  It  skoold  be  kept  in  nind  that  in  the  organisa  injured  Icy 
*  neutrons  induoed  radioactivity  ooeure*  Ar  the  resrslt  of  this*  such  an 

organisR  I'MiictSBoe  a  a  cures  of  Ionizing  radiation  and  begins  to  exnrete 
radioactive  Qxibetanoec  In  the  urine  and  stod^*  In  taktag  oars  of  such 
Injared  persona  the  mlos  of  personal  hfslsne  should  be  observed  with 
I>areicular  care*  It  sho«L).d  be  kept  in  adad  that  by  iMans  of  radia- 
metrio  exaiisimition  of  the  excretions  and  blood  of  pq^ppls  with  induoed 
radioactivity  the  daso  of  n-yutron  radiation  which  thoy  l»ve  i^ecelvad 
can  dotemAned* 

Ifter  the  effects  of  high  doses  of  penetrating  radiation  (acre 
thaxj  500  r)  inj;xiy  can  occur  to  the  hxuaan  skin  which  has  been  called 
”x’adjAtt(?n  bui'n"  (see  Bums).  However,  after  the  effect  of  such  doses 
on  A  large  body  surface  a  serious  general  oaadition  oacrura  which  can 
?:.ead  tft  death  even  before  tbs  co^lete  deveiopowmt  of  the  radiation, 
bum*  A  atriotiy  localiifed  altln  injury  witHi  large  doses  wf  Raisaa'-. 
quanta  is  rot  very  likely  in  a  coafiiMit  situation* 

Injuries  by  penetrating  radiation  in  vartiae  can  be  either 
ueute  or  chronic  (see  Badiatton  Sioteicss)*  Thereby,  It  should  be  kept 
in  salad  thst  aco-te  cases  occur  not  only  froa  a  single  laasalvu  irradiii.- 
rlcm  but  also  after  repeated  effects  of  low  doses  of  g^aa-quanta. 

7ot  purposes  of  prevenUiAg  injtiry  by  ionizing  radiation  in  wartiae  the 
'  permissible  dewsos  of  perietruting  radiation  have  been  established  (see 

Douse  of  Ionizing  Radiation).  However,  additional  irradiation  can 
cause  the  i-adiatica  syndrone.  Thsise  considtsratione  should  be  taken 
<  JjRto  consideration  by  sttsll  and  j^irge  unit  caBewndiers. 

For  purposes  of  timely  diagncala  and  prognosis  of  penetrating 
radi.atic(n.  in,}uile»  a  dosibaetric  radiation  control  is  set  up  for  service 
man  and  sorae  categories  of  peraons  working  in  the  civil  defense  systen* 

•  With  this  aim  In  view, they  arw  supplied  with  individual  dcstPMsters  (eeei 

« 


footliMtrj}*  PMpil*  injtttlftd  Ijy  a)UMui»radlAtio&  ««  not  dangarous  to 

theeo  amoad  thra* 

VarloKUi  anglnaorlne  struotovos  sarve  aa  protaot&on  agaliiat  tba 
affaot  of  paoatratlfig  radlatioat  alii  tranohM',  tmiaiMa,  ULindacas 
and  apaeial  slialtara  (aaa  iatir^iiaida  firatadtiaa*  Aati-RadiatiMi  !*ra> 
taotlMii  Shaltar}*  Hoaatar*  the  dagraa  of  protaetlea  will  ba  diffarant 
in  all  ttaaaa  eaaaa. 


lAjarlas  radlaaotiaa  aganta  oraatad  dorlaag  tha  asqaleslOR  of 
melaar  aaapona  oeonr  bgr  two  oeaaa*  Flret  of  all,  whan  thajr  ara  on  tha 
aurfaoa  of  tha  ground,  on  woapona,  an  oeabat  aqalpaant  and  naans  of 
transportation,  on  Olothiag,  footwaar,  gaar  or  diraetlj  <»  tha  skin, 
radleaotiva  aganta  aot  on  nan  with  gawa-radlatlon ,  oauslng  radiation 
sioknass.  Coning  in  oontaot  with  tha  akin  or  elethlng,  th^.  In  addit~ 
Ion,  aot  on  the  hodj  with  tha  bata-partlolas  whloh  thi^  anlt,  oauaing 
radlatior*  bums  (with  dssas  of  bota>>radistion  of  no  loss  than  SOO-lOOO 
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zwd;«  ::taoandJiy,  raflaLOaevaLwa  aganxs  ean  oauae  xwkcuaiixun  mjarxaa  uy 
panatiatlng  into  nan’s  tntamsl  nUlau,  ehiafly,  through  rasplratoiy 
organa  aa  wall  as  through  tha  gastrolntastinal  traet  (the  ineorporation 
of  radioaetiwa  agents).  Cootaalnatian  of  wound  and  bum  surfaces  with 
radioaetlra  dust  is  also  poesUOla;  howawar,  tha  danger  of  absorption 
of  radioactiva  aganta  is  snail  in  thssa  eases.  Penetration  of  radio* 
actiwa  agents  into  nan’s  Intamal  adliau  is  asaoeiatad  with  tha  dawalop* 
nont  of  radiation  sidcnass,  iridoh  is  sisdlar  to  the  sloknast 

oeoarrlng  from  axtamal  irradiation  but  shews  oartaln  differsnoas  (soa 
Xncorporation  of  lUdleaetlua  Agents  )• 

In  order  to  proteot  troops  and  tba  pqiulatlen  in  a  tinsly  way 
from  Injury  on  territory  oontaislnatod  with  radioaetisa  agents  a  radia¬ 
tion  surraf  is  node  of  tha  locality  (sea  Kadiation  Conditions),  and 
warloos  objects,  water  and  food  suspaotad  of  eontesdnatlon  and  eantaiii^ 
Inated  with  radioactiwa  agents  are  subjeotad  to  a  dosinotzio  eontaadna- 
tlon  ehsok  (radiostatrlo  chaok). 


Protaotlon  of  tha  skin  against  oontaot  with  radioactive  agents 
and  against  tbs  offset  of  beta-radiation  is  assured  by  the  utUiaation 
of  different  kinds  of  shelters  and  authorised  equipment  for  antichesdcal 
protection  of  the  akia  (see  Clothing).  Ordinary  clothing  only  partly 
protects  tha  skin  against  the  effect  of  beta-particles*  The  respiratory 
organs  ara  protect^  against  radioaotiwo  agents  with  gas  nasks  (q.v.) 
and  bif  special  rasplratars. 

As  has  been  mentioned  above,  radioactive  agents  on  the  clothing 
and  sldn  ra|a?a8oat  a  danger  to  the  health  of  the  parson  contaadtnated  by 
then*  In  addition,  radioactive  agents  which  are  present  there  can  con- 
taadnate  the  air  and  surrounding  objects,  as  the  result  of  which  per¬ 
sons  cotttsadnated  with  radioactive  agents  are  dangerous  to  those  around . 
Therefore,  those  contaminated  with  radioaotive  agents  must  be  stabjected 
p  a  special  jaadlcal  processing  (q.v.)*  In  giving  medical  aid  to  those 
iLnjm"od  by  incorporated  radioaotlve  agents  it  should  be  taken  into 
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Pcen'iif.leration  that  the  raidioactlve  agents  excreted  froti  the  body  In  tha 
stool  and  urine  can  oontaminato  the  patient* a  cnvironiaent.  Therefore, 
ffiedi.cal  peroonnel  taking  care  of  such  patients  should  observe  strictly 
the  rules  of  persoml  hygiene. 

At  tbs  sorting  post  of  any  stage  of  raedioal  evacuation  (see 
otagos  of  Medical  evacuation)  persais  with  aonbat  radiation  injuries 
are  divided  into  two  groups;  a)  those  contaminated  above  the  perwiss:- 
ible  leiaals  and  b)  those  v/ho  aro  not  coutaininated  or  contaminated  with¬ 
in  the  litnits  of  •penoissible  lewis.  Tho  first  group  includes  persons 
in  whcwi  radioactive  agents  are  found  by  weans  of  a  beta-gaiwifc, -radio- 
mo  ter  on  the  clothing,  footwear,  gear  or  skin  in  quantities  exceeding 
the  pormisoibl.?  contamination  levels,  TIjO  second  group  includes  those 
contaminated  by  penetratiiig  radletlon,  by  incorporated  radioactive 
agents ,  and  pex'sons  wJ.th  contamination  by  radioeutive  agents  whixsh  docs 
not  exceed  the  persAsslblc  centamination  levels, 

llioce  contvmd,riatcd  %;ith  radicaotiw  agent''  above  the  pemiissibls 
leTClr,  are  r.!UDjeci;eci  c,;>  paruaai  im^dxcixi  pri.>v«se(.>b;!ti  tha  cf 

medical  evacuation  whicli  render  first  aid  by  a  physician  (r‘Cgi!ne-nt;al 
aid  station),  cuad  to  cowpleto  medical  processing  at  tlrtf'.  stages  of 
medical  ewcuation  vrhich  render  qualified  and  specialised  medical  care 
(division  aid  station,  separate  medical  cfetechment  and  hospital.), 

Diatnxosia  of  i'-adiation  iinjuries  at  the  stages  of  medical  evacua- 
ticr*  whit-h  renckr  first  aid  by  a  physician  is  ba::on,  tm  the  radiation 
history  (when  and  xrhere  the  iri,1u3'ed  person  was  in  the  a.rea  of  atomic 
(or  thoniTonuclear)  explosion  ,  wlxat  protective  measures  he  took,  whether 
he  was  in  n  IocrJ.ity  contaminated  by  radicacti.ve  agents,  tfhether  he 
was  in  oonta.ct  vrith  articles,  food,  or  water  cemtaminaiod  by  rad.i.oe.etive 
agents,  avid  otlv^rs),  on  the  cotigjlaiiita  and  objective  clinicpl  manifesta¬ 
tions  of  the  sickness  a a  well  as  the  data  of  radiometric  (qualitative 
and  quantitatiwj)  study  of  the  -ikir,  mucus  frcmi  the  wouth,  nose  am 
wound  surfaces.  At  the  stages  of  medical  evacuation  which  render 
qualified  medical  aid  the  readings  of  individual  dosjjneters  aits 
utilised ,  in  addition,  for  the  detection  of  radiation  Injuries  susta-ined 


in  combat,  i'h«  data  of  indivlducCl  dosime’tric  otieak  can  be  utiXined  also 
at  t}ie  E'Uiief}  of  i:iacu.c.ai  evacuation  -Hldcb  x’ender  .first  aid  by  a  pijystcian 
not  ordy  under  cdrc’.u.mrts..ncefj  vifhsra  tliere  is  a  los'i  rste  of  injury  (where 
there  ere  no  mn-sa  casunl.ties )  t  l»i  spscisliaed  therapeutic  instltotlons 
th'i  data  of  clinical-dinfutoci '-:lo  lAborator^v  teats  a.X’e  also  utiltsied  for 
makiji:;  tbo  diagror-l.'-:  of  "radiation  irgury."  In  those  Ijxstttutions 
radiometi-lc  are  mneiu  means  of  apparatue  which  Bvxke  ifc. 

possible  to  dxtaiji  a  :i'a‘C‘  accurate  idea  of  the  radioactive  agents  which 
h.avo  Gs.used  the  given  injxuu''. 

In  .filling  out  the  .Initial  Btedi,Gal  record  cards  on  .person.?  vd,th 
iMdioactivn  cs  sustained  in  combat  the  blue  strtp  IX'  left  on  the 

cardo,  li'  x-he  i-njuTcd  iwrson  Is  dat^pcrous  t,o  those  around*  the  black 
and  yel,law  otiiirv  are  .also  kept  on  his  eax'd  (sms  Fox-vfard  Ar-ea  Medical 


jTSijoni  Oiird).  I 

TIj*  trentwant  of  persons  tdth  radiation  iRjwries  Is  conductod, 
in  aooordano*  with  the  natvxre  and  severity  of  th*  injury*  largely  In 
vsii*to&»  npeeialltsd  Institutions*  i'cr  ths  slid  feras  of  Injury  trsat- 
miit  oan  be  given  also  in  oonwlescent  eoaiaands* 

As  tlm  result  of  siwoltaneous  or  successive  effects  of  the 
inJttPioua  factors  in  waclear  eeapona  (ths  shock  wave,  light,  penetrat- 
in{t  radiation  and  radioactive  agents)  the  radiation  injuries  sustained  in 
oorjbat  acquire  a  oonbined  nature,  Cooplioation  of  radiation  injuries 
with  wounds  and  various  injuries  oa'used  by  ordinary  weapons  is  possible. 
In:|«ties  toy  penetrating  radiation  and  radioactive  agents  can  also  bo  com¬ 
bined  with  the  effects  of  chanio&l  and  bacteriological  weapons* 

In  coBtoined  injuries  various  deviations  from  the  typical  course 
of  the  sleknesa, caused  by  the  action  of  each  of  the  li^Jurloos  factors 
seijarately,  can  occur*  As  the  result  of  thiji,  in  such  injuries,  a  speo- 
la],  iipproach  is  reqni.r«d  to  the  solution  of  therapentte-evamiatlon  and 
evacuation- transportation  problem  (see  Cooblned  boetoat  Injuries). 
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G.  Stepanskiy 


Badiobicaogjr 


Badlobldlogy’  (from  th«  Latin  radios— ray)  Qraak  blca— •lifa}  and 
logos— study  of)  is  tha  Aclanoo  of  tte»  •fiaot  of  ionialng  radiation  on, 
living  organisms  (so«  Ionising  Radiation).  Tho  biologi.eal  affect  of 
other  radiations— visible  lightt  xiltravlolet  and  Infrarad  rays  aa  tvsll 
as  radio  naves— is  studiad  by  other  disoipllnas !  by  general  biology* 
biophysics,  physiology,  ophthalmolcgy,  hy£i«ns  and  pt^lotharapy* 

Radiobiology  was  oraatad  as  an  Indapendant  brsnoh  of  sclraoe  in 
accordance  with  the  raqulrcBMnte  laada  on  biology  by  the  dlaoovaxy  of 
x-ray«  (q.v.)  In  1895*  'jy  the  dataetion  of  radioactivity  In  1896  (q«v«), 
by  the  isolation  of  radltm  in  1898  end  the  utilisation  of  new  eauLnatiorui , 
unknown  in  a  biological  respeot,  in  aadioal  praotioa  axvd  various  branches 
of  the  liAtional  sflcriCaj'  shortly  after  ^siss  lairing  the  fira'h  ho  imAre 
radlobioXogy  dteveiopea  ehiariy  in  the  interests  ol  ulolv.>glu4il 
tlon  of  the  therepeutic  use  of  n^nys  (sea  Radiology,  2G.Ray  Therapy)  and 
the  gaiwia-radiatlon  of  radluno  for  these  purposes  a  study  waa  nade  of 
ths  reaction’s  of  tissues  and  organs  under  conations  of  the  pathologleal 
process.  At  the  sane  tins,  under  tea  Influenoe  of  observations  of  the 
harmful  side*^ffeot3  of  radiation, studies  mere  undertakan,  dbrected  at 
investigating  ths  raacSd.ons  of  healthy  aniaals,  their  or^ms  and 
tisaueg.  These  studies  acquired  ftr^t  isportanwi  with  tJw  disco  vary 
of  artlfleial.  aeadioaotivity  in  with  the  productloji  and  utHlsa- 
tlon  of  artlfioial  radioactive  agents  and  the  devalopnent  of  w.oXear 
energetics.  The  Use  of  Atosde  WaapMvs  (q.v«)  by  the  United  States  in 
the  attack  on  the  cities  of  Eiroshima  aiid  Ragauaki  (194^5)  >  as  the  result 
of  which  a  large  nwaflier  of  people  were  ejq>03ed  to  radiation  in^Jury, 
attracted  considerable  interest  to  ths  problems  of  radioblolegy  and 
stistolated  tlte  rapid  development  of  this  science* 

Therefore,  radiobiology  was  developed  in  the  first  half  of  the 
20th  century  in  connection  with  tho  detection  of  natural  soirroes  of 
radioactivilgr  and  the  aastety  of  artificial  sources  of  ioniaing  radia¬ 
tion*  Under  ttese  new  conditions  ionising  radiations  and  radloaoti've 
isotopes  came  be  ii^ortant  envix<»UBsntal  factors.  It  was  neoassary 
to  evaluate  t  e  radiation  levels  acting  on  the  living  world  and  deter¬ 
mine  the  biological  slgnlfioanoe  of  natural  radiation,  to  find  out 
the  relative  biological  effoctiveness  of  various  kinds  of  radiation, 
the  scvirees  of  «dtich  bad  been  obtained  by  man,  to  deteradne  the 
quantitative  I'olattonsldps  of  tha  radiation  offect  (the  dose-effect 
relationship),  to  Clarify  the  influence  of  the  characteristics  of 
spatial  and  ‘fcewporal,  distribution  of  radiation  on  the  radiation  effect. 
Along  with  these  tasks  the  creation  of  radiobiology  was  determinied  by 
the  need  for  loarnii\g  the  primary  radiation-pliyslcal  and  radiatlen- 
jchemicsl  prccesees  underlying  the  biological,  effect  of  lonlaiing  radiatlom, 
lAt  the  saaio  time,  the  stwiy  of  the  initial  changes  and  pertly  of  the  f 


I  farther  eourmi  of  dovelopawnt  of  roactiono  to  Irradlotlon  In  pfcortiolog-  [ 

^  ioal  •jratMs  and  in  th»  otmoturoa  of  litlng  orfanlame  mts  a  task  of  > 
radiobleloor*  This  division  also  inoludios  olarlfieation  of  tho  Inflnonos 
of  various  onvironaontsl  faetoro  (taagporaturo.  soason«  oagrion  eonoontra^i 
tien  and  othars)  and  of  tho  initial  state  of  tea  irrsidiatad  orfanlani  its 
Individoal  oharaetaristiosi  oharmeterlstios  of  broads  or  varistiast  sax» 
ago*  at  eatara  on  the  btologioal  offset  of  radiation. 

Tha  rodiobiologloal  rttlaa  and  ragalations  are  stodlad  with  tho 
use  of  Methods  of  phsrslosi  ohaalatry,  Matbsaatles,  utilised  for  eharaotar- 
Ising  radiation  levals*  dose  fields,  and  detanlnation  of  tissue  doses 
(see  Dosinetzy,  Badiolegloal  Unite),  for  tha  stodf  of  the  priaarjr  prooasaes 
indnoed  bgr  irradiation  ae  sell  as  iiith  tha  use  of  Msthods  of  ^agrsiOlogf, 
bloehanistiy,  aorphologjr,  and  radiation  fanatios,  Tha  study  deals  uith 
various  aspeets  and  stages  in  the  raallsatien  of  tha  radiation  effeott 
1)  cm  the  subeellular  level  (tha  aaohange  of  tha  radiation  energy  In 
living  setter  snd  radiatics^ebesd.^  senifestetecns  of  the  redietiQn 
erreot)  l  ic)  on  the  oellular  xevei  (radiosensitiviv  ZWMWMT  «liu  uytO~' 
plasBlo  atruoturea,  sovpholofioal  and  hlstoohOMleal  oharaoterlzation 
of  the  atruotural  eleaents  a^  interstitial  aubstanoe),  and  3)  on  the 
level  of  the  Intaot  organise,  its  systema,  organs  esd  tissues.  In 
aeoordsnee  with  this,  there  are  tha  foSLloalag  dlvielons  of  radiobiology: 
a)  general  radloblOloey  (radiation  levele  under  different  oonditlona  of 
exlBtenoe,  the  relative  blologloal  effeotivaneae,  tha  dosa<-effaet  relat¬ 
ionship  vlth  consideration  of  individual  oharaetarieties,  initial  states 
and  asaooiated  influsnoea,  tha  tina  factor  in  Irradiation,  and  tissue 
dosinstry) ;  b)  the  tbeoretloal  basis  of  the  priaary  biological  sffeot 
of  radiation:  c)  funotional  and  etruotoral  oharaoteristios  of  radiation 
raaotiona  in  anisels, 

Radloblology  is  tha  tbeoretloal  basis  for  the  utiHsatlon  of 
radlaticm  in  medloine  (see  Isotopes,  Curie  Therapy,  Radiology,  X-Ray 
Therapy)  as  ueU  as  for  ths  developnent  of  aesns  of  preventing  axxi 
treating  radiation  injuries  to  tissues  and  radiation  injuries  of  in> 
teot  organisms*  Radiobielogy  underlies  oertain  methods  of  seleeticm, 
for  sxanple,  for  pui^poses  of  obtaining  the  most  effaotive  antibiotic  pro¬ 
ducers  (see  Rsdlation  Oenetios)  and  o^d  sterilisation  (see  the  KLvioion 
of  Radiation  Nloroblology).  The  developnent  of  epaoe  nsdiolne,  psrti- 
Qfularly,  the  solution  of  ths  problem  of  radiation  safety  for  flights 
into  spaoe  is  assured  by  working  out  radiobiological  problems.  The 
praotioal  iaportanoe  of  radiobiolog;^''  is  also  conditioned  by  its  part 
In  the  solution  of  problems  of  hygiene  (see  Radiation  I^glene)  posed 
by  the  development  of  nublear  energetios.  The  problem  of  the  remote 
effects  of  an  Inorease  in  tha  natu:^  radiation  level  on  the  popula¬ 
tion  as  the  result  of  the  use  of  radiation  In  various  branches  of  the  m- 
tional  eoonomy  and  mdicine,  ae  well  as  the  problem  of  radioaotive  fall-< 
mt(see  Atomic  Weapons)  have  acquired  social  significance:  they  are 
yeing  studied  and  solved  on  the  basis  of  knoido^  of  radloblology,  _ i 

X—  I 


27 


The  methods  of  radiobiolo^'’  play  an  inportant  part  in  solving  f 
theoreticsal  problems  of  rsedlOal  acience.  Thiis,  the  use  of  radiation 
for  suppressing  the  iiimmc  specific  properties  of  the  aniraal  organism 
has  contributed  to  an  elucidation  of  the  possibilities  of  tissue  trans¬ 
plantation  (for  example,  bone  marrow)  from  one  person  to  another.  In 
radiobiological  experlffients  the  o}’iaractei*i3tics  of  entrance,  distribu¬ 
tion  and  excretion  of  various  substances  are  elucidated  under  condit¬ 
ions  of  radiation-altered  permeability  or  under  conditions  in  the 
change  in  the  .functional  conditions  of  organs  caused  by  it.  Suppress¬ 
ion  of  the  functions  cf  different  orgaivs  by  means  of  irradiation  has 
uncovered  a  new  road  to  finding  out  the  pJ^ysiological  role  of  various 
struclairos.  For  excmple,  the  incorpoi*atlon  of  yttrium  (y9C)  jr^anules 
by  the  hypoplasia  or  a  strictly  loealiaed  effect  on  the  l^/pophysis 
vdth  very  high  energy  protons  (hundreds  of  thousands  of  llev/'irake  it 
pOss3.ul«  to  study  the  effects  of  exclusion  of  the  gonadotropic  liiluence 
of  the  anterior  lobe  of  the  hypophysis*  or  great  tneoreuical  iriterest 
are  studies  directed  at  finding  out  the  radiosensitivity  (threshold  of  the 
radiation  effect,  behaviour  of  animals  in  radiation  fields  which  exceed 
the  natural  i^vel  to  a  minimum  degree,  ’’radiation  reception,”  disorders 
of  analyzer  /sense  organ  in  toto/ activity  and  others).  Studies  of 
''radiotoxins'',  on  the  one  hand,  and  morphological  and  functional  mani¬ 
festations  of  the  radiation  affect,  particularly  in  the  central  nervous 
system.  On  the  other,  i^present  two  aspects  of  radiobiolcgy  which  are 
of  fundamental,  significance  for  (Parleying  the  nature  of  reactions  by 
living  organisms  and  particularly  of  man  to  irradiation  with  different 
levels  of  radiation  above  the  natural  level.  The  findings  of  radio- 
biology.  which  make  it  possible  to  evaluate  the  effect  of  the  radiation 
factor  on  various  organs  and  tissues  under  different  irradiation  con¬ 
ditions,  represent  the  basis  for  developing  pathogenetic  therapy  of 
radiation  sickness.  The  principles  of  treat^nt  of  this  sickviess  stem 
from  knowledge  of  the  neciianisns  of  tlie  disorders  which  develop  under 
the  influence  of  irradiation  in  the  inouried  organism. 

Biological  activity  of  ionizing  radiation  was  fcond  during  the 
industrial  and  clinical  mastery  of  x-rays  and  radium  emanations.  These 
observations  stimulated  the  study  of  vaidous  aspects  of  the  biological 
effect  noted*  The  first  studies  -.fere  made  during  the  sensations  creat¬ 
ed  by  episodic  reports  of  the  harmful  side-effects  of  x-rays  f  change 
in  the  skin  of  the  bands  and  general  malaise  in  work  with  x-rays, 
epilation  observed  in  a  nujtiaer  of  esses  after  tiie  use  of  x-rays  for 
studying  the  skull.  In  I896,  I.  3,.  Tarkhaiaov  performed  experiments 
showing  the  effect  of  x-rays  on  the  functional  state  of  the  nervou.s 
system:  after  irradiation  in  frogs  a  reduction  of  reflex  activity  ’.ras 
observed  (prolongation  of  the  tiiue  of  the  reflex  induced  by  immer3ir).g 
the  fro^s  foot  in  a  weak  solution  of  sulfuric  aoid),  Tn  I697,  rra-nerofus 
cases  of  ”x-ray  denaatitis  ”  were  described,  and  at  the  Interriational 
S-orgical  Congress  held  in  the  same  year  in  ^Joscew,  the  classificabion,  ■! 


fpiathfllogT'  and  olinleal  aapaots  o#  radlatien  InjarlM  to  tha  akla  wmrtTJ 
aftiljrtad.  Xzi  1902,  for  tt»  flrct  iSm  «  ropert  «m  givon  abeat  aallf '  I 

ntaatlon  of  a  *otaronio  x-nqr  uloar*  of  tha  liBM&  flda.  | 

!rha  flnt  daoada  of  tha  20th  oantcvjr  vm  aarlnd  tgr  aa  aapanaiaB  ; 

of  Idaaa  on  tha  radioblologioal  affaeta  of  »*nara  and  radlxm  omaatienB.  I 

la  a  noabar  of  foadanantal  atudlaa  tha  affaota  of  aav  of  radiatioa  « 

warn  ahowi  on  tha  fnnotlonal  atata  and  atraotoraa  of  tarloua  orftna  and 
tlaaoaa*  M.  0*  Zbnkovaklsr  (190b)  atodiad  tha  affaat  of  radleui  on  tha 
axeltahility  of  tha  awtor  araa  of  tha  oarahraiL  oortax  la  tha  dog  aad  { 

fenad  aa  inoraaaa  ta  tha  axoitahHily  la  tha  flrat  10-^0  admtas  aftar 
irradiation  vlth  a  sab8aq[aant  raduaULan  of  it  baloar  tha  ooriglzial  la'vol* 

S*  V.  Qol*dbarg  (1904),  in  axparinanta  on  aioa  and  asqparljaanta  with  tha 
iinradlation  of  tte  bralna  of  doga,  obaaroad  a  mAtr  of  aotor  diaordara» 
ccnvi'lai'wa  nhanonana.  and  paral^ia*  3«  Y*  Qol*dbarf  irradiatad  araaa 
ot  his  aim  skin,  ■liloL  wsrs  thcii  bicKSisd  *rA  to  adorosoopio 

stodf*  L*  M.  OoroTlta-Vlasova  (1906)  xrota  a  aanograph  in  ahloh  tha 
radlosanaitivllar  of  narvoaa  tlsaao  aaa  amthaaiaad.  Tha  worka  of  !•  R* 

Tarkhanov,  H.  0.  Zhnkonraikiy,  S.  V*  Qol'dbarg,  L.  K*  0orovlta*>Ylaao«a, 
la.  3.  London  and  othara  gaYa  ua  knoMladga  of  tha  aoat  lapertant  aapaot 
of  tha  blologioal  effaot  of  tha  naw  tYP**  of  zadiatlan,  ahioh  for  a 
long  tlM  want  vithont  adeqoata  attantian.  PradoHinately  In  eonnaetion 
vlth  thasa  atndlaa  Soviet  radlohiologiata  aaheaqeoantly  datalt^pad  tha 
adanoa  of  raxilosanaitivlty  of  the  narroaB  i^stana  of  andaala  and  oaa. 

^ong  thLa  llita,  sinoa  tha  19^0*8  th^  atodiad  the  oonditionadUraflax 
aotivitf  of  dogs,  in  vhich  the  brains  had  bean  irradiatad  (M.  I. 

Nanenov,  P.  S«  Kapalor),  and  later  tiia  early  nandfaetationa  and  ra> 
aotlona  to  adnor  radiation  effaots  (A.  7.  Labadinakly,  H.  Fraxdc, 

Ta.  a.  Grlgor*jaT,  H.  N.  Lirahita  and  othara),  spinal  cord  raflanaa 
(Ye.  I.  Bai^  and  others). 

Tha  davalopDant  of  knovladga  aboat  tha  affect  of  radiation  on 
other  STStans  and  tlsauas  la  asscolatad  vlth  stadias  shoving  tha  cap¬ 
acity  of  ib-rayB  for  inhibiting  tha  grovth  of  bones  of  young  aniaals 
aftar  acting  on  the  oata-eplpi^seal  grovth  oartllage  (Parthaa). 

Stadias  vhieh  showed  the  stesili&lng  effect  of  x-rays  vere  of  iaport- 
anoo.  In  1903.  H.  S.  Albers-ShSidMrg  pxaaantad  data  on  aterilisation 
by  naans  of  irradiation  of  the  sex  t^aads  of  rabbits  and  gulnna  pigs. 

'nds  trend  in  resaaroh  vas  developed  by  C.  Bagand  (q.v.).  Changes  in 

tha  blood  and  hsnopoiatio  organs  under  the  InAnanoe  of  radiation  vara 

stodiad  in  detail  in  1904-06  by  Hainaka  and  others.  In  1910-1911  vork 

vas  done  and  poblishad  on  aaparlaantal  radiation  aaligniaation  —  tha 

prodaotion  of  a  akin  tonor  in  a  rat  nndar  tha  inflnanoa  of  irradiation 

(J.  dnnot).  ' 

Kadiobiology  studies  of  the  initial  period  are  oharactarlaad 
by  a  qualitative  evaluation  of  tha  affaota  of  irradiation  on  the 
I  bodies  of  animals  and  man,  by  the  aeooanlatlon  and  f^tamatlBatlma  of  , 
j  tha  findings,  original  generalizations  and  conolusionB.  Acoorate  | 
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Iqountltatiw  ofaenotevlMitlaB  of  ths  offset  of  rodiotlon  imo  wmting 
iihat  tim*  firing  the  inltliJL  period,  vhon  date  «ero  ealloeted  on  the  ' 
lildlLegieei  role  of  the  aav  emnetlawe  and  the  first  ossoltusiaas  sere 
(Imam,  there  sere  no  aethode  ea  yet  In  eadatenee  for  ■easorlag  the 
qfuimtitgr  ef  redia.tl.cm  on  the  baaia  of  a  repredeolble  wilt,  shleh  wde 
the  oaeparls<m  of  effects ,  sith  eeneideretlan  of  deee  relatloeahiiMi, 
dlffioolt*  Teoty  sloeOy,  the  fttadeawntala  ef  nedem  rediatian  deslnatiy 
sere  ^veloped  .  Only  in  1906  sea  the  principle  of  neassrenant  on  the 
beads  of  gas  ionlsetdon  edveaoed,  idiieh  emiatltated  the  basis,  for  a 
serias  of  stndles  sbioh  in  1926  led  to  the  adoption  ef  the  roentgen  aa 
the  international  salt,  oorreapcmding  to  the  basic  rectelxenents  of 
natrology  and  prinarily  reqnlreipts  for  repredneibill^  ef  the  twit 
iif  radiation  quantity* 

Althoogh  in  the  1930*  s  the  ionisia^on  sathod  of  dosinetxy  had 
^lecom  oolie  widely  used,  cmLy  In  tha  19^*8,  an  the  basis  of  %  qiiariii- 
‘^tlYS  aiuOysis  was  definite  progress  aade  in  ths  aysteaatisation  of 
]cn4idedge  of  tha  radiobiologl^  effects*  This  sas  the  result  o£  bring- 
ins  in  personnel  and  facdlitiea  for  working  out  the  problaas  ef  radio- 
lilology  whieh  had  been  adsenoed  by  explosions  of  ato«  bnibe  over 
IStroshlaa  and  Sasaki,  by  the  growth  of  ths  atoade  indostry,  by  the 
extensive  use  of  radiation  and  radioactive  isotopes  in  the  national 
economy*  A  siore  extensive  study  began  to  be  aade  of  ptysiooeheaieal, 
biooheiaieiLL,  aorpncCLogloal,  physiologioal  rt0.e8  and  regolatlana  of  tto 
effect  of  xadiation*  While  the  previous  studies  dealt  ehisfly  with 
the  effeots  caused  by  looal  Irradiaticn  in  tissues,  with  tbs  develop- 
wnt  of  radlobiology  t}ie  »ain  interest  was  drasn  to  the  reaotiona  of 
living  orgsnlsas  to  a  whole  body  irradiation. 

As  the  result  of  studies  made  on  the  basis  of  careful  dosiaetty, 
the  quantitative  relaticmships  of  the  in;^urlema  effeot  of  ionizing 
radlaticm  were  clarified  for  different  species  of  aniaals,  and  the 
courses  of  the  carves  (iepicting  these  Telr.tionshiivs  were  described  for 
various  irradiaticn  conditions  I  It  was  found  that  the  injurious  effect 
Df  radiatian  increases  with  the  dose,  describing  a  oerve  having  a 
charactoristic  S  shape*  For  aany  species  of  ware-blooded  anijnals  and 
mn  the  adoiaiuti  lethkl  dose  lies  at  the  level  of  200  r  after  a  whole 
boi^^  gaJMia-irradiation*  Thereby,  sln^e  individuals  (iiie  vhioh  are 
ctlatdngQlshsd  by  a  high  indivi<^L^  radlosensltivity*  With  a  dose  of 
l»00  r  half  of  the  totil  aoiaber  of  individuals  irradiated  dies  (the 


LCm).  The  niidaiom  does  which,  as  a  md-e  causes  death  of  al}.  irradia¬ 
ted  aninals  is  600  r.  However .even  after  such  a  destructive  effect 
Bolitary  anlsals  survive,  vhereir.  their  relative  radioresistanoe  is 
expressed.  These  radiation  doses  vary  In  aoemrdanoe  with  the  species 
of  gjfiaal  and  the  irradiation  conditions.  In  this  respect  chiefly 
tbe  nature  ef  the  spatial  distrUjuticm  ef  radlatlen  in  the  aniael's 
jbady  is  of  significance;  this  depends  chiefly  on  the  type  and  energy  ofthe 
Ionizing  radiation  (see  Doses  of  Ionizing  Radiation,  Xenlzing  Rftdlatlons||  < 
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finder  the  8«aft  conditions  of  spatial  dlstrlbatlon  th«  blologioal  affa^ 
Ivonesis  of  x-rsys,  beta^r&dlatien  and  gaBBt&=radiati9&  is  sljaQst  tha 
same.  Tlriis  is  associated  vith  the  unifora  mode  of  realisatickn  of  their 
effect*  by  means  of  secowdaiy  electrons  fowoBd  from  the  interaction  mttb 
the  B\j,b*timae  of  tiseuec  and  fluids  bf  30-r»y»  or  gaMaa-quanta  (primary 
■o«ta-part:Loles  in  the  event  of  irradiation  with  bata-rays).  Slew  nratroi:uit 
the  bidogioal  affects  of  whioh  are  raallsfr!'  through  ^uaaa-qoanta  and  pro¬ 
tons.  jKisiitass  greater  effectiveness.  Sven  mors  efteotive  in  a  bioiogiem}. 
respect  are  fast  matrons ,  which  exert  an  action  exolusiv^  by  recoil 
protons.  Kii^h  energy  protons  obtained  from  parti<SLe  aeeeleraters  and 
fluxss  of  alpha-partlelea  have  the  same  or  even  eooevhat  greater  bioleg;- 
ical  effectlveiicss.  Ths  degree  of  the  latter  is  comeeted  wt^.  the  ien- 
Isation  density  created  by  tho  i'adi8ti.on  absorbed*  Ths  indices  expresa- 
■tJne  relAtive  oioloctcal  effectiveness  are  of  imporiaaos  for  uertadB. 
conditions  of  irtadiation  and  methods  of  evaluation  and  vary  with  the 
dose  levels  at  which  the  ccn^.'arision  is  made,  with  the  dose  rate,  with 
the  speoies  of  animals,  and  others.  I'levertheless .  in  the  interests 
chiefly  at  practice ,  the  following  indices  for  the  relative  biological 
effeetiveness  nay  be  adopted)  x-reys.  ganma-radiatlon.  beia-rediation. 
one;  slew  mutrons,  ti«<e«i  fast  neutrons,  protons.  fl,tui9s  of  alpha- 
parbicCLea,  ten;  nuitdpGy  char^  ions,  twenty. 

ilong  with  the  tjpe  and  energy  of  rsj^tion  the  nature  of  ths 
tlrae  disixeibutioh  of  radiation  has  an  Influence  on  the  bielogioal 
effect,  this  effect  different  in  different  dose  ranges  and  in 
different  ranges  of  dose  rates;  naturally  it  depends  also  on  the  type 
of  radiation,  et  oetera.  In  general.,  fractional  iiradiatitKi  lessens 
the  effect  of  irradiation  (by  cowparison  wlIJ;  a  sln^e  irradiation)* 
Protracted  irradiatt<»;  with  the  dose  rate  of  less  than  1.5-10  r  p«r 
EinuTie  cjimrte  less  of  a  biological  effect  than  intense  Irradiation. 

Within  a  certain  rosige  (10-15  r  per  mimte  to  150  r  per  minute)  the 
significance  of  the  dose  rate  is  small  for  aary  reactions  to  irradia¬ 
tion.  Ths  effect  of  the  dose  rate  at  higher  levels  and  In  the  area 
of  jiolaad  (ultrafractienated)  irradiation  has  been  loss  well  clarified. 

2x1  thla  srubject,  which  is  not  yet  adequately  dear,  data  have  been 
accttsiilatxed  making  it  possible  tc  suppose  that  the  biological  effect 
of  rsi:liattoji  after  intense  (up  to  a  oerUln  degree)  irradiatt<ms  la 
z^.:daced  conMTKhat.  Ths  need  for  derlfying  the  characteristics  of  the 
effects  of  pased  irradlatien  is  dictated  by  the  increasing  utiliietien 
of  acoeleraters  which  operate  under  appropriate  conditions.  Therefore, 
the  S  shaped  curve  expressed  the  dose  relationships  of  the  in^Jurioias 
effect  of  radiation  MUy  in  a  general  form. 

After  irradiation  of  animals  wi.th  doses  higher  than  the  min- 
Itnpw  lethal  dose  tteir  lifespans  are  appreciably  shortened . 

With  subsequent  buildup  of  the  doses  to  3U200~1500  r 
thin  tlm  is  not  isiuch  changed,  varying  within  limits  of  2. 8-3 .5  days, 
whereby  for  different  species  of  aniBials  these  doses  are  not  of  absclutej 
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fsignificanoe*  When  the  lewl  of  20,000-25,000  r  Is  exceeded, with  stb-T 
sefioent  incarease  in,  the  dose  a  progressivaiy  greeter  shortening  of  the 
lifespan  is  again  fownd  —  to  soceral  hoars  or  aimtes  ("death  under  the 
rsjjrs"),  Saoh  considerable  txTadiation  apparently  leads  to  "nervwis 
dfsatii,"  whereas  after  the  effects  of  relatively  lower  doses  death  of  the 
aniiaals  is  preceded  by  the  development  of  various  syndrones  (see  Eadia- 
tlon  Sickness)# 

Many  problems  of  ganiHnil  radisbi(£Logy  continue  to  be  inadeqoateXr 
cQearo  Thus,  ve  need  to  deepen  our  ideas  of  the  relative  effectiveness 
of  vmd-ous  types  of  radiation  under  various  irradiation  conditions# 

The  characteristica  of  the  biological  effect  of  radiation  with  differ¬ 
ent  tljoe  distributions  await  further  darifteation.  The  significance 
of  sury  anvironnental  factors,  individual  ohsracterlstios  of  the 
organise,  its  initial  functional  state  and  others  remain  to  be  oXarl- 
fisd  cad  quantitatively  evaluated  for  the  effects  of  irradiation* 
^yst;eiaatd.eaii.on  and  generaliaatiun  along  sm,a^  ll/toS  izavdcd  for  the 
©xtaasiva  material,  at  times  scattered,  which  lias  been  accumulated* 
However,  ewn  the  quantitative  rules  a:^  regulations  which  have  been 
discovered  for  the  effect  of  radiation  constitute  the  basie  for  work¬ 
ing  oat  problems  xjertaining  to  functional  and  stractural  changes  in 
the  an2.!nsl  organism  tinder  tho  influen-?©  of  irradintion*  Therefore, 
oharaatei'istic  of  the  latest  period  in  the  developaoni  of  radlo- 
biologj/  is  the  systematiaatlon  of  data  on  the  biological  effect  of 
radjjabion  and  the  developmeRt  of  quanti-tative  rules  and  regulations 
for  this  effect  under  different  conditions  exerting  ari  influence  on 
tlie  final  effect  of  irradiation. 

Ideas  on  the  meehanisw  of  the  biological  action  of  ionizing 
ra<iiation  have  gona  thrcfixgh  a  ooBgilicated.  r«iT«  of  devalopaaent. 

Energy  calculations  and  eooiparisions  with  molecular  transiEutations 
as  v&ll  as  experijnentaX  data  obtained  on  irradiated  models  have  given 
us  a  greater  tinder v^tanding  of  the  mechanisms  "by  which  the  radia.tior, 
effect  is  jeaXiasd  In  the  living  organisFi.  He vertheless ,  the  problain 
of  the  primary  effect  of  radiation  continue, •?  to  be  actively  worked 
out.  For  aJjnost  sixty  years  the  interpretation  of  primary  processes 
cc-earring  undor  the  influence  of  iSTadiatltm  has  been  based  on  ideas 
about  the  direct  effect  of  radiation  on  t',*®  biological  substi'ate  or 
ideas  of  the  secondary  effects  of  them  on  structores  of  calls  and 
tissues  of  the  body  thi'ough  in.termediate  chamically  active  agents. 

I'll®  attention  of  ijiivt‘£i;i,.2atcr3  has  been  drawn  frea  the  vsxy  beginrdng 
to  tbfe  difjorepaujjy  betv&m  tiis  saaiU..  aiaount  of  radiAtlon  energy 
absorbed  and  the  considerable,  frequently  e,xtraor<iinar:y  effect  of 
irradiation.  th&  tiieory  of  "point  heats"  (F.  Dessauer;,  which  is 
n!>w  only  of  hiatorloal  interest,  was  fSarst  based  on  the  principle 
presented.  At  tiie  same  time,  the  idea  was  adliranc»»d  of  alisajd.ca.1 
j  transfonaatioiis  leading  to  the  production  of  very  active  toxic  cea?>oands 

;  (a®  Wwter,  itipp,  C,  Schvws;)*  if tencards both  trend,a  ware  developed,  i 
( _  _ * 


[on  tlM  en»  haisd  in  tto  "tcrsat*  tteorr  H.  QrmtbmVf  R*  QCLM»k«n»  Hf 
D.  !•  Lm)  and  on  tho  othoi**  la  tto  %etiir»tiKl  vator*  ttooxy  (!•  WolS8« ' 

V,  Dels  imd  othors)*  Rogtxdloao  of  .th«  soo^ptaneo  of  the  rolo  of  the 
direot  or  indlroet.offoot  of  radlatlQn.lt  «u  moooaoxy  to  bring  in  the 
aftoivoffeot  noebanim,  tdiieh  aaa  aaqarosaad  la  a  rary  otvDdtag  mxmr 
at  varloos  reaote  peri^  after  the  Uaa  of  lrradlatlni»  for  ita  eaplob" 
aiion*  l!ron  the  sam  standlpodLnt  the  oonceptieii  of  antoMtalytlo  reaot* 
loxvs  can  be  eonslderod  in  the  oooree  of  doTelopeent  of  preoeesee  init¬ 
ially  produced  by  the  irradiation  effect  (Temeor).  Thereto,  it  ia 
asmiaed  that  the  after-effect  deoelope  ee.the  remit  of  ohein  roaotlone* 
in  which  oatelyiis  does  not  oc«ib  froa  the  Interaediate  bat  rather  frcei 
the  end  products  of  the  roaetion* 

The  *ta2^t*  theory  based  on  mtheioatioal  analysis  of  the  prob¬ 
ability  of  'Htits*  in  the  aost  mlnsTnale  ar6a«  night  explain  in  a  eatls- 
fwotory  ssasner  the  ebser^  in  aisMie  ayatena^  for  examle. 

after  the  irraciaation  of  virus  en^raes*  For  tmiuidrufts  tho  c»ll  ebax'^gse 
brought  about  by  radiation  effootSt  the  idea  of  the  "target"  proved  to 
be  inadequate.  The  "target"  theory  lost  its  Inpotrtanoe.  whloh  was  asoribed 
to  it  as  a  systea  of  vievs  oapabla  of  giving  an  integrated  idea  of  the 
SMOhenlsm  of  the  biologleal  effect  of  radiation*  ittea|>t8  trere  made  to 
eupplenent  the  basle  conception  with  data  on  the  diffusion  of  radloals 
formed  wsfSmj^  the  influenoe  of  irradiation  and  on  the  basis  of  their 
reaetion  with  the  udeecaes  of  sensitive  volnaes  ("targets"). 

The  prljnary  prooesses  underlying  the  action  of  radiatlc*n  on  the 
biologic^  substrate  are  at  present  considered  cheadcal  reactions 
ocourzing  aainly  in  an  aqueous  oediUDi.  Toe  gexseral  seqaeiioe  of  events 
occurring  under  the  influenoe  of  irradiaticn  and  then  being  developed 
fiirther  Is  represented  In  the  following  form.  As  the  result  of  inter- 
action  of  radiation  with  tho  inediuiiitlonlzatim  and  excitation  of  acle- 
cules  cocurs.  Their  number  la  small,  but  it  la  assumed  that  the  effect 
which  tl»y  produce  la  Intensified  in  the  chain  of  subsequent  reactions. 
Along  with  the  ions  fojrtaed,  whloh  play  the  chief  part,  excited  meleculos 
may  be  of  essential  ituportanee,  since  the  possibility  of  rigration  of 
their  energies  ia  assumed.  This  very  brief  phase,  which  aacunts  to 
biillonihB  of  a  second,  is  replaced  by  the  ata^  of  radlstionf  ohemioal 
reactiona  accawplished  as  the  result  of  tramformations  undergone  by 
th«  negative  and  positive  ions  formed.  The  result  of  these  trans¬ 
formations  is  the  production  of  free,  unstable  and  chemically  veiy 
active  radicals  —  otoodl,o  hydrogen  (B)  and  lydro;yl  groups  (OH). 

Another  free  radical  —  hyxJrppercxlde  (HOg)  —  which  ia  fomed,  it  is 
believed,  daring  the  course  of  radiolysis  in  the  body  fluids  in  the 
presence  of  oxygen  dissolved  in  them  is  also  endowed  with  oonslderable 
chemical  activity*  Tlie  biological  role  of  iydroperoxide  (HO2),  whloh 
B»y  be  formed  dm±ag  the  course  of  tlie  subsequent  transfomatioas,  is 
.not  entirety  dear*  sirxe©  it  is  acre  prctoable  that  in  this  case  it 
would  bresk  down  tinder  the  influenoe  of  the  enzyme,  oatalaso.  Stib8eqaeMt|y 
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ehwaicaiay  highly  ftctlrs  radlotls  react  with  dissoLvad  organio 
substances*  These  reactions  may  be  of  the  tktore  chiefly  of  caddatlon 
reactions*  but  also  of  reducing  processes*  which  are  studied  chiefly  on 
substrates  outside  the  body  ••  after  Irra^tion  of  amino  acids*  proteins* 
eneymss  and  others  In  vitro*  Thus,  it  has  been  possible  to  elarii^  the 
oetnparstlvely  easy  oaddisabllity  of  sulfhydafyi  groups  («SH)  of  the  amino 
add  cj^’steina  under  the  influence  of  hydroxyi  radi(^s  with  the  subse* 
quent  conversion  of  cysteine  into  cystine.  The  possUblllty  was  also 
established  of  inactivation  of  some  ensynee  oontaining  eulfhydryl 
groups  by  means  of  irradiation,  which  provided  the  basis  for  tying  in 
the  developsient  of  radiation  i^ury  in  the  living  organism  with  the 
oxidation  of  the  sulfhsrdryl  groups  of  enaymes*  In  the  opinion  of  J* 
Barron*  who  advanoed  this  idea*  the  developewnt  of  the  pathologioal 
process  is  initiated  by  the  inaotlvation  of  oell  entymoa*  which  leads 
to  disorders  of  setsbOUa  proeesaes  and  anhaeauently  causes  functional 
and  anatondo  disorders* 

The  corresponding  disorders*  whioh  constitats  ths  subject  of 
study  of  biochemists*  physidogists*  pathologists  and  olinioans  (see 
Radiation  Sickness)  are  expressed  on  the  oell*  organ*  system  and  organ- 
ismal  levels  and  are  united  by  oertaln  general  fules  and  Mgulationa  of 
radloaensltlvlty*  According  to  the  prinolple  fonoulated  by  J.  A* 

BergonlS  and  L*  Tribonucau*  tlistte  radlosensltlvity  iiwreases  together 
with  the  renewal  rate  of  oellular  eleemmts  and  is  inversely  related  to 
the  degree  of  difforantlation  of  the  tissue  celletxuoture.  Ignoring 
toe  fUnotional  reaction  to  Irradiation  has  led  to  the  foot  that  on  the 
scale  of  tissue  radloeensitivlly*  where  such  rapidly  renewable  and 
poorly  differentiated  elements  as  lymphoid*  sex  oells  (spermatogonia  * 
oocytes),  hewopoietlo  tissue  cells  and  others  wore  in  the  first  few 
places*  nervous  tissue  was  put  in  the  category  of  radioresistant  tissues. 
Itevertheless ,  through  the  work  of  Soviet  investigators  the  high  degree 
of  reactivliy  of  nerve  cells  with  resjHCt  to  radiation  has  been  shown* 
Subaequontly*  with  the  perfection  of  phyeiologioal  methods  of  study 
(electroenoephalograpty,  eleotrooardiography,  study  of  moacl©  action 
currents*  hemodynsmios  and  others)  not  oidy  additional  proof  of  the 
high  degree  of  radioaensitivity  of  nervous  tissue  was  given  but  histo- 
chemioal  and  morphol  ogical  equivalents  were  obtained  of  this  radio- 
scnsittvlty  which  was  disputed  for  so  long  (M.  JJ.  Livanov,  A.  V* 
Lebedinskiy,  0.  M.  Frank,  TSi,  G.  Qrlgor'yev*  Yu.  Q.  Nefedov*  N.  A. 
Krayevskly  and  others).  This  led  to  the  need  for  a  total  evaluation 
of  radlosensltivlty  with  consideration  all  the  aspects  of  mani¬ 
festation  of  the  bidlogtoal  effect  of  radiation. 

Aside  from  the  species  charaotertstics ,  individual  propei*tiea 
and  initial  pJyaiologicsl  states*  the  ago  of  the  Individual  subjected  to 
irradiation  aJ.ai>  has  an  Influence  on  radioseneltivlty.  A  partioularly 
jhigh  degree  of  radiosensitlvi^  of  growing  organisms,  distinguished  by  . 
jthe  oiuseptioml  rate  of  sietabolic  processes  and  rapid  division  of  ce!li.ular 
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leleiBiftnta,  is  pwticwlariy  ^at»  fiabryos^  piirtioalarly  daring  tbs  | 
period  of  fonestien  of  wtorycnio  layers  and  organogenesis »  are  distin¬ 
guished  by  exoeedln^  high  radiosenaitirlty* 

Amtvi  the  InAuenoes  idiieh  oan  nodify  radloseneitivltgr  in  one  t 

direetlon  or  another »  speolal  attention  is  attracted  by  the  esargen 
tension  in  flaids  and  tiasnea  of  tbs  body.  Bednetion  in  tho  oaygen  • 

oonoentratlon  rednoos  tho  bidogloal  effeet  of  radiation;  inoreaae. 
iijoreases  the  irradiation  effect.  Stady  of  thls,i  so-oalled  cnygen 
effeet  oonstitutss  one  of  the  noot  iaportont  prdblena  of  radLoblologr. 

Further  study  of  the  ^ooiygeti  effect^  proadses  to  clarify  may  umoXred 
aspects  of  the  blologioal  effect  of  radiation.  Speeifioally,  the 
^o;iiygen  effect**  haa  brought  additional  argoaente  in  favor  of  the  pre¬ 
dominant  role  of  indljfoct  effeota  in  tbe  realisation  of  the  radiation 
effect  in  substantiating  the  Reobanl.sns  of  tha  primary  action  of  rad¬ 
iation. 

The  proMen  nf  the  poasiMmw  of  t«i1y  «♦.■}«»  influenoas 

of  Ittiiaing  radiation  on  living  organisms  Is  ^spnitable  and  requires 
further  study.  In  thi-s  prdblea*apparen11y,  there  are  no  aufficleatly 
accurate  deterinlamtiews  iddch  Might  aseloi  in  the  stLarifloation  of  tho 
controversial  concepts.  For  the  purpose  ef  salving  this  probleBs  tiwi 
fvu*thar  aeciudulation  of  data  is  needed  on  the  biological  slgnifioance 
of  low  doses  of  radiation,  which  exceed  the  average  mtural  radiation 
level  by  only  two  or  three  orders  of  aagnitade  (see  Doses  of  loiiialifjg 
Radi-ation).  The  solution  of  this  problem  is  associated  irith  a  deter- 
rdLn&tion  of  the  thresholds  of  the  radiation  effect  for  different 
functional  and  etructural  changes  and  with  the  study  of  the  activity 
of  analysers  during  tha  observatiem  of  animals  in  fields  of  loxiis^uig 
radiation.  A  most  importaint  problem  of  rcdlobiolegy  is  also  the 
study  of  the  remote  consequences  of  radiation  effects  on  tho  bodies 
of  animals  and  man*  Thereby,  we  have  in  mind  the  elucidation  of  the 
significance  of  very  small  but  prclonged  radiation  levels  bighar  tb.an 
the  natural  level  (see  Radiation  Gon©t3''9). 

The  furtlvor  progress  of  radiobioil.ogy  is  being  assured  in  the 
U3SR  by  a  broad  network  of  scientific  research  institutions ,  by  the 
prei>!!«*ati»  of  cadres  of  radibbiologists  at  the  institutes  of  the 
Acadciiy  of  Sciences  USSK,  Acadeiay  of  Medical  Sciences  USSR,  com»s~ 

Xjonding  iidnlst!.*l0s  and  of  floes,  the  publication  of  monographs, 
collections,  joinmals,  tha  hoJ-tbLng  of  ofunffresses ,  conferences  and 
others*  itadiobiology  ii;  bingtst  at  chairs  of  biophysics  in  Tmlwrsltiea , 
and  In  liedlcal  colleges  in  tlw*  course  of  roentgenology  and  radiology. 

Tha  future  progress  of  radiobiology  an  e3q)analon  of  the  teach¬ 

ing  j>rogx‘ains  of  tliids  ca.aciplijis,  particwlarly  with  reiipeot  to  the  div¬ 
isions  pertaining  to  i*alat«d  problems  of  physiee. 

The  progress  of  radiobiiilosy.  111;©  that  of  any  other  branch  of 
j  lrnc»»d«Kige,  is  associated  with  the  develoimient  and.  perfection  o.t'  oatlrods 
I  of  stuiijfing  .Its  basic  problems.  In  this  coRooction,  the  method  of  >1 
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r«i«otrotiio  p«riiaft|Mtlo  rMonano*,  aiirtng  lt  ,po«albl«  to  daspan  th»  ^ 

oamepta  «f  t]w  nataz*  aod  rola  of  aotlv*  vadieala  f oamad  in  tha  initial 
Boaants  of  realisation  of  tie  radiation  affaet,  is  attraotlng  eonaldartULa 
Intaraat  aloatg  nith  tha  olaaaie  aathods,  Qraat  signlflQattoa  ia  balaf 
aserilied  to  stodiaa  of  transforMitiagaa  of  molaie  aeids,  baosoaa  ttaasa 
transfonnatisns  mndarlia  radiation  Inflnoneea  on  pretain  ^thaaist 
call  divlaion,  and  baradltary  propartiaa  (aaa  Bona  Haradi^,  Badiation 
Qanetlos)* 


U*  DeauiUlak.  A*  Labdinsldjr. 

Badiatlttn  HLordbiologjr  Is  a  dirtsicu  of  aierabiolofy  given  over 
to  probless  of  tha  affaot  of  ionlBing  radiation  on  aieroorgaiiaM* 

Eadiation  nlorcbiologj  Inelndas  tha  following  gnnqp  of  proi^ans  t  the 
Mohiinisn  of  aetion  of  iimislnf  radiation  on  aiereer^niaas,  jaorpholog- 
^'!sl  aluinmM  in  wieeabea  durincr  irradlatarOnt  sanetlc 

Ohangas  (aaa  Badiatien  Qemtios),  radloreslsta^Ci  protaetlcn  of 
Bdorobas  against  the  action  of  ionising  radiaticn,  the  baoterieldal 
effect  of  radiatlcnt  the  affect  of  radiation  on  antiganlo  and  ismuMh. 
genio  properties  of  oioroibes,  and  radiation  sterilisation*  is  a  div¬ 
ision  of  general*  agricoltaral  and  indnstrial  nlcrobiologx  radiation 
mio3rflbiOIog3r  includes  a  large  eosdsinatlon  of  other  problens  also* 

The  HsohaniaOii  of  Aetion  of  loosing  Sadiatiisn  on  Slcroorganlsss* 

Wa  can  speak  of  the  direct  affaot  of  Irradiation  oal^  in  those  oases 
where  the  water  oontent  In  irradiated  Objects  aaMurcts  to  less  than  three 
percent*  Sone  living  organisne,  indudl^  baotarial  spores*  asintain 
their  rlabilil^  well  in  the  dried  state;  in  this  case*  death  of  then 
fron  irradiation  my  be  the  result  of  the  direct  effect  of  ionising 
radlat3.an*  At  the  present  tiae  there  Is  an  entirely  substantiated  opljv 
ion  to  the  effect  that  tha  Influence  of  ionizing  radiation  on  mioro- 
organlsias  takes  place  largely  by  the  indirect  route  t  as  the  result  of 
action  of  active  radicals  ptyreicooheKioal  disorders  occur  in  the  adorobe 
cells  containing  75  percent  water,  as  the  result  of  which  their  earlj^  or 
late  death  occurs. 

After  the  Irradiation  of  ndorobe  '''ispensions  different  degrees  of 
sensitivity  of  the  cells  are  deaonstrated  to  l^e  action  of  lodj&ing  radia¬ 
tion*  In  each  aiorbbe  population  the  mjority  of  cells  is  sensitive  to 
irradiation,  whereas  sane  cells  prove  to  be  resistant*  In  order  to  laacti- 
va.te  these  radioresistant  oells  the  application  of  ionising  radiation 
in  moh  higher  doaes  is  necessary  than  those  at  vhloh  the  min  mae  ef 
irradiated  cells  dies*  On  the  basis  of  a  study  of  the  survival  curves 
of  bacteria  it  has  been  detemined  that  the  sensitivity  of  bacteria 
is  associated  with  the  growth  phase  of  the  culture;  fehas,  nierobes  which 
are  In  the  lag  phase  are  wore  resistant  to  Irradiation  than  oells  in 
other  phases  of  growth*  Aside  from  the  size  and  lntensi.ty  of  the  dose,  , 
the  effect  of  Irradiation  depends  to  a  greater  degree  on  the  tMckness  j 
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et  tbft  afaap«a«LoR  b*lng  inradlAttd*  Th*  «p*olM  obaniet«n*tl«i  of  thif 
x^oawMdtiyl^  of  aleroorgudcM  •Mrt  a  oont&terabla  afMat  oa 
tte  affaetlviMM  of  irradlatita,  9p^  fon**  of  baotarta  art  eauidnv 
ab3jr  aoM  roniatant  to  lCTa41ation  tba&  tht  aaiotatita  fognat*  For  thi 
porposa  of  aohU'ving  a  starlliiijag  affaot  tha  irradiatlOQ  of 

thiek  ottspaiuilona  of  vagatativa  farm  at  baotarU  a  doaa  of  5>0,000. 
oOOiOOO  r  la  raqulradt  for  tba  taaetltation  of  tba  apora  foraa  of  bae» 
taria  tha  doaa  of  radiation  la  loeraaaad  to  1,500, 000-2 »000, 000  r  (K.  R, 
MayaelM955)* 

Tha  ph^lologioal  atata  of  aloroba  ealla  at  tha  tlM  of  irradia¬ 
tion  alao  baa  an  isflnanoa  on  tba  irndiatlta  affaot.  It  baa  baan  ahoim 
that  atarvatlon  of  tba  adLoroergaidaM  aran  for  a  abort  tlM  ooniiterabljr 
Inoraaaaa  thair  aanaitlrltsr  to  tba  isjnrlsea  affaot  of  radiation*  KLora- 
organ^aa,  wore  aanaltiya  to  boating,  irora  to  ba  atora  raaiatant  to 
irrad^tion*  Qraja-poaitiTii  nxcrcbOB  ara  ssrs  rasistant  to  the  aetlesn  of 
iunlifeing  raiiatloa  than  gras-nsi£.tlirs  ^crobts*  Tho  of  oaiygan 

In  tba  aadinn  at  tba  tlaa  of  irradiation  anhaaoaa  tha  affaot  of  Irradba- 
tion  in  eoonaotlon  vitb  its  partlctpatiott  la  tha  feraatlon  of  nan  fraa 
radloala  (a,  Staplaton,  D.  Blllan,  A.  HoUiandar,  1952)* 

Tha  taMparatora  factor  la  tha  irradiation  of  atoroorganlaM  naIsM 
its  iaprasslon  on  tha  affaot  of  losing  radlatien  (A.  Kilnar,  R.  BaUuQr, 

Q*  Staplaton,  K«  ialla,  1955) •  Change  la  ^  tapparatara  during  tha 
pariod  of  irradiatian  and  afti^  it  has  an  esssntial  laflnanoe  on  tha 
irradlatloa  affaot.  With  radaotion  of  tha  taaqmrmtara  a  radnetion  of  tha 
affaot  is  obsarvad,  irldoh  is  apparaatly  oendltienad  tha  radnetion  in 
the  csapaoitgr  of  irradiated  cells  for  osrrying  oat  ooldation* 

Morphologioal  and  Biooheaioal  Changes  In  Bacteria  Baring  Irradiation. 
Under  the  Infloanoe  of  irradiation  vith  a  dose  of  tha  ordar  of  ona  allliOR 
r  mloroba  oalls  ara  dastrograd  to  tha  point  of  datritos.  l^adlatlon  of 
uloroorganiaaa  in  doaas  up  to  1,0C0  r  oansas  an  appsrant  stiwiXation  of 
oaU  dlrlolon  prooossas.  As  longar  obsarwitlons  hata  shoim,  oalls  .with 
raspaot  to  whloh  tha  stlnnlation  affaot  is  dataotad,  sabsaqaantlgr  dia. 

As  the  rasult  of  IrrsdiatLon  in  subbaotarloidal  doaas  thara  Is  a  naz^cad 
InhlbitiQn  of  osU  division,  as  tha  result  of  ebioh  a  eonsidsrabla 
msber  of  nnuausl  (fllaasntoas,  sphareldtl)  fonts  of  oalls  ara  oraatad, 
tdtloh  in  tha  final  analysis  ara  2yw9d»  laaving  htidOgr  netioashla  "(ghosts* 

(Z»  0.  Fersbin  ,  3*  Q.  Koan  and  R,  H.  Soler'yay,  195?)*  A  snail  ntu^r 
of  oalls  is  naintsinad  and  farm  a  popmlatlon  of  oalls  ehioh  latar  pro- 
dnoe  aioroo«iLonias,  part  of  tba  oalls  of  wbinh  prevs  to  ba  aora  rasist- 
ant  to  irradiation*  When  baotaria  ara  im^latad  in  sobbaotarloidal 
doses  fre<iaently  a  process  of  dlsseeiatlan  Is  dbsarrad*  Fbots  ara 
kneen  ehare  alcroorganlsns  have  lost  the  abUitgr  to  farm  idLgeant  aftar 
irradiatinti  as  eell  as  tha  opposite  phanoMnon,  tba  appaaranoa  of  var- 
ioos  Qolorad  eoloniat  or  Indivldnal  oolorad  saetors  of  oPlocdas  In  tba 


onltora.  Baoterial  oapsulas  are  also  sobjeot  to  obsegas  aftar  irradia* 
tion;  tbogr  are  aitbar  destroyed  fron  tha  effeot  of  oonsidarsbla  doaas 
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t/umtL-rvrn  or  are  approoiiOjly  rodaood  in  bIm.  ^ 

V«ri(M8  fanetioml  BtruotcurM  and  biodbiaiMl  sjrBtaaB  af  aioro-  ^ 
orgaaiana  ar*  ywy  meh  injarad  hy  lanlaiiig  radiatlaB*  Sona  blaoM.- 
oal  changaa  la  irradiatad  alarooitiiiiMM  ara  fauad  rrm  aftar  tha  affacrt 
of  radiation  In  low  doses  whioh  do  not  pradaoa  vlalbla  norpheCLagioal 
ohanges*  Other  M.oohMBloal  ohantaa  ara  tto  raanlts  of  irradiation  in 
aneh  bl^r  doaas.  Tha  phoaitbasma  aatdhollfla  of  aioroerganlaiia  is 
iBoat  sensitisa  to  irradiation;  nndar  tha  Inflnanoa  of  losing  radla« 
tion  dapodjnaarlaatiBin  and  partial  braakdean  of  tha  phaaphenu  ooagiennds 
in  oOHs  ooour*  Aftar  irradiation  thara  la  graataat  ii^ainwnt  of 
mdalo  sold  aatabolisBi  (q»T«)  and  wMtkft  of  daoognribonatdaie  aoidB 
(q.v.).  Danataration  of  tha  protain  with  tha  liberation  of  BolfliQrdiTl 
grenpa,  dbaanred  after  irradiation  esan  in  lav  doeos»  is  asldanoa  of 
oonsidarahla  ohangoa  in  tha  protofCLaste  of  the  nloroorganUae*  9nb» 
seqaantly,  in  tha  growth  prooasa  of  tha  irradiatad  onltnra  danataratlre 
pinnowenii  uloraasa  o^ldazwJSjr  (&ftsr^fect)« 

nraotOor  aftar  inadiation  no  disordara  ara  notad  in  iha  aiirogwn 
aataboliaa  of  irradiatad  vleroariaaljmi#  Ssaantial  growth  ohangM  on 
mtrient  nadia  oooor  for  a  oertaintAaa  aftar  ixvadiatlen*  Thaaa  ahangaa 
aaount  to  an  Increase  In  tha  total  and  nonproiain  i)ltrogen»  vhereaii 
tha  peroantage  of  protain  nltrogan  is  redo^.  There  ara  data  In  ax» 
iatanoe  whieh  indioata  the  graatar  raaistanoa  of  respiration  end 
ferwantatiaii  in  siorccrgardias  when  th^  era  IrrediAtad*  l^nradlation 
in  large  dosas*  «diloh  lojures  wLcrhbes,  does  not  prodnee  ae^  grees 
dieordera  in  the  em^yaatio  sjetans  of  aioroagrganiaws  resp«!>n8lble  for 
respiratory  px'ocasses  (  M*  K*  Ifqroel'»  1955)* 

The  Radioreslatenoe  of  MLaroorgei^JnMi*  Thare  ere  mxv  data  in 
existanoe  vhiah  attest  to  the  ooettrrenoa  of  rediorealetenoe  in  dare- 
orgaxilssasi  aaeooiated  with  the  prodaotian  of  resistent  fenw  es  the 
result  of  repeetad  irredietion  (B«  X«  t^tkin»  1944,  1947).  Thereby, 
in  the  redioresistant  variants  of  baotarlr^  there  ie  a  redootlao  In 
the  sensitivity  to  antibiotiQs  (penlelllin  and  streptMiycdB)*  The 
fact  is  interesting  that  radioresletanoe  does  not  eooor  in  all  oells 
of  the  nierobe  pop^tion.  eiqposed  to  irradiation  bat  only  in  indivldtgal 
cells*  The  prooess  of  ooourrenos  of  radloresiataaoe  ooeoro  gradoaUy 
as  the  result  of  irradiation  of  aiorobe  suspetMiens  in  rising  doeae. 

The  problem  of  uhether  selaotion  of  radioTdSlstaiit  fnw  exLeting  in 
tba  population  ocours  or  wtaather  we  are  dealing  with  adaptive  vada- 
-tion  has  not  been  solved  (see  Variation  of  Hioroerganisae)*  The  pro¬ 
perty  of  radioresistaneo  is  transadttad  to  sdbeoquant  genaratloBS  of 
mioroorgatiiisne* 

Proteotlon  of  Xlcroorganisns  Against  the  Action  of  lonialng 
Rat^atlon.  A  nonher  of  eoapounda  are  known  ^oh  eaart  a  protective 
effect  against  ioniaing  radiation*  Protection  against  radiation. 
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Ei^tanoea  ar«  sn]irur»oo&tatning  anino  adds  (qjrstains,  uethionlnat  ^ 
oQTStlns),  thioaTitinesCbata-Beroaptoa-tiorlaffllna),  cgranidss  as  vail  as 
alcohols »  sodium  Iqrdrosulflte  and  BJIL  (diaareaptopropanol}.  Thsss  sub* 
stances;  when  added  to  the  medium  prior  to  IrradiatioB.  exsi^  their 
effects  only  during  irradiation*  The  meohenism  of  the  proteotive  effect 
of  these  ooiqpounds  is  different* 

Qirsteine  and  |p.utathione  belong  to  proteetirs  eoa9>oands  iddeh 
possess  sulfhQrdryl  groups  (Kelner,  Bellaaor*  Stapletm*  Zelle,  1955)* 
Oystaeilns  or  beoaptan  (betaf^roaptoet^orlaaine)  belongs  to  the  oategoxy 
of  strong  prophsrlactlo  agents  possessing  a  eonsiderable  protedtive 
effeet.  A  no  leas  strong  proteotiYS  agent  is  its  disulfide  fosm  ** 
cgrstanltts^.ths  range  of  mhid  is  Yszy  broad*  As  proteotive  agents  in 
irradiation  of  nloroarganisas  a  study  vm  made  of  oertaln  amino  adds 
and  their  derivatives  —  tiyptaidae*  protamine,  serotonin,  formate, 
suooinate,  psrruvate,  seidne  and  others  (Stapleton,  BlUen,  Hollaender, 
1952)«  a  ftoiMsjderable  'Ineireese  In  the  protective  effects  of  sows 
aminea  is  noted  vhen  they  aot  simaltaneoasly  dth  eysieiite.  In  eaper- 
i&ients  on  mloroorga^ms  it  has  been  shown  that  ohly  those  amino  aelds 
possess  a  protective  effect  against  Irradiation  whieh  are  readily  odd- 
iaed  by  those  mloroorganisms*  Thus,  it  has  been  shown  that  alpha- 
alanine  is  utUiaed  in  metabolic  reactions  of  a  number  ef  baoterla  and 
when  first  introduced  into  a  nutrient  medium  exMrts  a  prophylactic 
effeet,  dmreas  beta-alanine,  \Aioh  does  not  partidpate  in  metabolie 
reactions  of  the  ndoroorganisms,  does  not  protect  aj^dnst  the  harmful 
effect  of  radiation*  A  protective  effect  is  exerted  by  saturated  mono- 
atcmiie  alcohols  (methyl,  etfavl,  propyl),  diatoaio  aloohds  (glycols)  and 
triatoBde  alcohol  (glyMrin)*  Thus,  a  considerable  increase  has  been 
noted  in  the  resistance  of  yeast  cells  to  irradiation  after  treat- 
ifiont  of  then  with  aloohol.  Th«  protective  effect  a  ^idistirradiatlon  of 
microorganisms  Is  exmrted  by  other  substanoes  also  (fotvLo,  malio, 
pyruvic  adds,  thiourea,  sodum  acetate  and  others)*  Combined  protect 
ticm  against  irradiation  with  chemieal  eonpounds  acting  on  various  bio- 
ohedcal  systems  of  microorganisms  is  interesting* 

Antigenic  and  Imaanogenic  Properties  of  Bacteria  in  Irradiation* 
There  are  vexy  few  data  on  the  effect  of  ionising  radiation  on  the 
antigenic  and  Imnunogenio  properties  d  bacteria*  Stu^  of  these  prc^ 
lems  is  interesting  ftrom  the  viewpoint  of  the  possibility  of  ulitisatlon 
of  ionizing  radiation  in  the  prodnotion  of  bacterlals*  It  has  been 
shown  by  some  investigators  ttiat  0-antlgens  are  more  resistant  to 
Irradiation  than  H-antigens  (fe*  L*  ReoimmUeova,  1956)*  A  reduction  in 
the  toxidty  of  microbes  depending  on  the  dose  ef  irradiation  has  also 
been  established.  Agglutinating  sera  obtained  by  means  of  imnunisation 
ef  rabbits  with  irradiated  antigens  shewvjd  titers  no  less  than  the  sera, 
of  rabbits  immunized  with  non-lrradiated  antigen* 

1  Recently,  Soviet  Investigators  have  obtaine<d  data  attesting  to 

jthe  possibility  of  utilization  of  gasana-z-ays  in  the  production  of 
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bacterials  (V.  L*  Troitskiy,  M«  A*  Tuwanyant  2.  Q.  Pershim,  and  others!, 
19^) »  PJroji  typhoid  and  dysentery  bacteria  kil.led  by  irradlotlon 
(1, 500^000-2,000,000  r)  the  so-oailed  radlovaoclne  was  prepared;  “radio- 
antigen"  was  extracted  (an  Immunogenic  pnlysaoeharlde-proteln  cfsraplex) 
and  a  study  was  made  of  antigenic  and  iimnunogenic  properties  and 

toxicity.  The  radioantigens  proved  to  be  less  toxic  than  the  antigens 
prepared  from  fortnallzed  microbes.  Microbee  killed  by  Irradiation  did 
not  lose  the^r  antigenic  properties,  and  the  radlovaecinee  caused  the 
production  of  antibodies  in  the  same  as  ordinary  vaccines  (M»  A, 
Tumanyan,  A.  P.  Dupllshcheva  and  T.  S.  Sedova,  1958). 

Radiation  Sterilization.  In  radiation  steriliaation  the  death 
of  microorganisms  occurs  without  elevation  of  temperature  ( "cold  ster¬ 
ilization").  The  utilization  of  ionizing  radiation  creates  the  poss¬ 
ibility  of  sterilizing  sealed  materials.  The  object  of  sterilization 
in  the  bacterioioirioai  industay  and  in  laboratory  microbiological  prac¬ 
tice  consists  of  nutrient  media  for  the  cultivation  of  microorganisms, 
killed  microbial  vaccines,  "chemical"  vaccines  —  antigen  complexes  ' 
extracted  from  the  microbes,  toxoids,  therapeutic  sera,  glass-!<rare,  and 
others.  The  most  important  condition  for  fiiLl-soale  radiation  steriliz¬ 
ation  is  adequate  penetrating  power  of  the  source,  Spore  sterilization 
sources  with  gaumia-radiation  possessing  considerable  penetrating  power 
and  a  long  half-life  can  be  utilised.  Tliis  group  includes  radioisotopes 
of  cobalt  (Co^)  with  a  half -life  of  5*27  years  and  cesiusa  (Cs-37),  the 
half-life  of  which  is  equal  to  33  years.  The  final  effect  of  radiation 
sterilization  depends  on  a  number  of  factors,  among  which  is  the  moisture 
content  and  teit^jsrature  of  the  object  being  irradiated,  tlie  species  of 
mlcroorganiSBis ,  the  degree  of  seeding,  the  presence  of  oxygen  and  others, 
llicroorganisms  which  are  in  the  suspensions  are  more  rapidly  inactivated 
ixradiation  than  those  which  are  in  food  products  and  sera.  The  pres¬ 
ence  of  various  organic  conpounds  frequently  exerts  a  protective  effect 
against  irradiation.  For  the  purpose  of  achieving  sterility  of  the 
object  being  irradiated, irradiation  with  a  dose  of  up  to  2,000,000  r 
can  be  considered  adequate  for  practical  purposes,  although,  according 
to  the  data  of  some  authors,  microorganisms  are  encountered  wliich  do 
not  lose  their  viability  when  Irradiated  with  a  dose  of  3,000,000- 
4,000,000  r. 

With  cold  sterilization  of  products  a  certain  side-effect  of 
irradiation  is  demonstx'ated,  which  is  expressed  in  a  considerable  change 
in  the  color,  taste  and  odor,  which  are  roost  markedly  expressed  when  the 
irradiation  is  carried  out  with  doses  of  higher  than  100,000  r.  At  the 
present  time,  there  are  several  means  of  eliminating  or  at  least  lessen¬ 
ing  this  side-effect  of  radiation.  One  of  them  consists  of  irradiation 
in  the  frozen  state,  Hoviever,  such  a  means  of  sterilization  is  com¬ 
plicated  by  the  difficulties  of  maintaining  lew  tearoerature  during  the 
I  irradiation  process.  In  view  of  the  fact  that  changes  in  the  products  .i 
r^ing  sterilized  are  of  an  oxidative  nature,  tl'ie  most  presnising  method  f 


I  ** 


ftes  bMB  th>  imdiittion  of  pro4net»  in  tho  «bso»eo  of  o»7gen*  In  tttii? 
OMt,  tte  ppooMO  of  Imdioiion  ihoold  toko  plooo  in  «  ymtmmt  in  wn 
otaeophono  of  an  inert  gas  or  sith  roplaosaont  of  tbs  osgrssn  tgr  IsQfdrofsa* 
Cold  storllisatioa  is  finding  pregrsssiTBlj'  aoro  sxtsnslvs  spifti*- 
ostlsn  for  the  prssorvation  of  food  prodMts,  homstioslljr  psoksd  end 
dssipad  for  pr^ongod  storage*  The  sslsotion  of  packing  aatorial  shMld 
eorrsq>ODd  to  tbs  radiation  storilisation  ecndltions  also  (fins  iflass, 
aluninu,  fastis,  that  is,  aatsrlals  vhioh  praotisalljr  do  not  abssrt 
geana^rajirs ;  • 

Af^  cold  starllisatlan  rav  aaat  aoqpiros  an  nnploasant  odor 
and  taste,  irtdeh  is  assooiated  aith  the  prodoetlen  of  kfdrogsn  solfldo 
and  asthyl  aoroaptan  in  the  prodaets*  Bedaotlen  of  the  irradlatioB 
dose  Xea^  to  a  rodaotifm  of  nnplsaeant  tastes  and  odors  as  sell  as  to 
a  shortening  of  the  tine  the  aatorial  oanhe  kept*  Salted  BMt  pro- 
dttots  Bhanga  tbexr  ooIk*  wian  irradxatad.  bat  net  to  suoh  a  decree  as 
does  rmt  seat*  On  storage  of  irradiated  food  prodaots  en  iaprovstient 
oooors  in  their  properties  s  tbs  oolor  is  restored,  end  there  is  a  laas- 
sning  of  tu^sasant  odors  and  an  Ij^provenant  in  tiurte*  When  irradiated 
food  prodnots  atood  for  a  aonth  at  37^  C  a  softening  of  tte  tlssoe 
straetore  and  prodnotion  of  a  neat  eatraoi  were  obaerred  (B*  8*  Xbranan, 
1957)*  At  a  loser  tesipsratare  better  presenation  of  ths  prodaet  for 
a  lor^er  tlss  and  tbs  dlsappoaranus  of  ths  tastes  and  odors  ogsdrig  frasi 
ths  rsdiatlon  offsets  are  noted. 

mik  belongs  to  ths  oategeix  of  food  prodaots  sldeh  are  eery 
senaltite  to  Irradiation.  Oniaeasatit  tastes  and  odors  appear  in  ths 
milk  when  Irradiated  in  doses  approxiaatsly  100  tiass  less  than  those 
nsedsd  for  oooplete  sterilisation  of  it.  Therefore,  the  use  of  radia¬ 
tion  storilisation  for  the  treataent  of  aUk  is  not  very  good.  Cold 
sterilisation  of  dairy  prodaots  Is  aore  proelsing*  Vitaains  in  ailk 
are  very  sensitive  to  irradiation.  There  is  aost  rapid  destrootion  o£ 
asoorblo  aoid  aikl  vitaaln  As  to  a  lesser  degree,  carotene  and  rlhofUvla. 
The  use  of  redlation  sterlllaatlon  for  fresh  eggs  had  to  be  stopped 
because  the  yolk  aoqxiired  a  pronoonoed  added  teste  and  an  unpleasant 
odor;  thereby,  the  egg  shite  has  the  appearanos  of  a  dense  jelly,  alto 
sith  a  aarked  unpleasant  odor  (R.  S*  Xhssnan,  1957). 

With  radiation  storilisation  of  prodaots  of  vegetable  origin  the 
uxg^eassnt  tastes  and  odors  are  slight:  hosever,  as  the  wsult  of  the 
fact  that  tha  enayaes  are  not  inactivated  ^  Irradiation,  the  preserva¬ 
tion  of  irradiated  vegetables  is  poor.  For  the  purpose  of  Inactivating 
ensyass  the  dose  of  irradiaUon  should  bo  five  tiaes  greater  than  that 
uaed  for  aehleving  coeplete  sterilisation.  Satisfaotwry  results  have 
been  Obtained  froai  the  irradiation  of  vegetables  in  doses  of  1,500,000- 
2,000,000  r.  There^,  there  was  a  considerable  prolongation  of 
t-'*"**  vegetables  could  be  kept;  the  testes  and  odors  were  hardly 
1  notioeablc.  However,  after  suoh  irradiation  there  was  a  dsatrootlon  of 


l^a  eonaiderable  part  of  the  asoorblo  add  ( J •  Ulckerson, 


6.  B.  Preotor, 
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QtiLdblith,  1$56). 

Tha  utdliutioa  of  ioxdelng  rftdtUtiott  Is  »9st  i^onlsiiig  for  oho 
ixig  the  gemljaatinQ  of  petsto  tobere  ohI  of  groin*  F«r  these  pnrpoeee 
inrodlotlon  elth  o  dose  of  10»000~5Q,000  r  is  soffldeat  (J»  Kt^prlonoff* 

1955)* 


Qood  reauits  are  i^von  lagr  irrodiatloin  of  grain  elth  the  aio  of 
destroying  insect  pests  <  A  rodlatioR  des'»  of  X0i»000  r  is  entirely 
adequate  for  rapid  deatroc!tlQ&  of  ic^ieots  in  rarloos  phases  of  develop^ 
imut* 


For  a  final  solution  to  the  prebles  of  ladastrlal  apiOioation  of 
radiation  sterilisation  it  is  essential  accurately  to  deteradne  the 
hanilesanMs  of  imtdiated  food  pi^ednote  and  their  suitabiliiy  as  food* 
Som  investigators  h&es  ej^ressed  c^ocm  over  the  possibdlliy  of  tox^ 
atidn  of  eardnogenio  agonts  in  izradiatsd  food  promts.  Hoveveif, 
to  date  there  have  been  no  exDetaasnial  data  ootuiradng  this* 

The  utUisation  of  radlatiott  sterilisaticin  5.n  the  prodnstion  or 
drugs, phsmaoentioal  and  nodical  iffeparatioDS  is  most  promisirg*  The 
u»6  of  ioniting  radiation  in  this  field  is  parti oelarly  profitable* 
because  among  ths  drags  a  large  nxofcer  of  cestly  and  rapidly  spoiling 
preparations  are  Icnocm  which  cannot  withstand  heat  sterilisation*  The 
fact  is  partioolarly  iiqoortant  that  Lhe  use  of  ionising  radiation  makes 
it  possible  to  st^rlliss  packed  and  hesesstically  sealed  mtejriels.  The 
use  of  radiati<»i  sterilisation  in  doses  up  to  2,000,000  r  is  pcssiole 
with  respect  to  &  naabcr  of  phaxwaceuticsals ,  antibiotics,  horaoms, 
steroids,,  alkaloids  and  some  vitawlns*  Qood  results  aire  given  by  the 
use  of  radiation  sterilisation  for  the  processing  of  bandaging  mter- 
ial,  surgioal  silk,  gause,  cotton  and  others. 

In  the  production  of  bacterials  sterlXlsatioc  is  a  necessary 
process.  UsuaJJy,  nutrient  media,  glassware,  bottles,  aaqriloa,  labor¬ 
atory  glassware  as  well  as  bactBriolog3,'‘al  prodactian  waste  ai'e  afceril- 
isod.  Id.  tMs  field  the  utillssation  of  radiati.<m  steriliKatlon  can 
fiii!!  its  most  extensive  applioailon.  The  utllisiation  of  ionising  rad- 
iaticMi  for  the  prodaeticn  of  vacaiaea  and  the  .sterilisation  of  nutrient 
Media  is  Hiost  prewdsing.  TJa©  studies  have  shewn  that  iyradiat3.on  of 
solid  agar  and  liquid  iax'iri«int  madia  (Kartin’s  agar,  Bottingei^'s  agar, 
Fpppe’s  bouillon,  Martin’s  boulllm)  vita  a  dose  of  3„5D0,OOO  r  does 
not  cause  a  deterioration  in  their  properties,  tout  otaipai'atively  low 
doses  (of  tte  order  of  600,(300  r)  even  ii^rove  tVws  imtrient  qualities 
of  the  2ssd5,a  (V»  L,  Ti.''oitsfc;iy  and.  ctlsers,  19 5^)..  fix  of 

ioaiaing  radijttion  for  t'xe  atoriliaaticn  of  (l•'a.phtiiari^5  agd 

totams)  i®  possible  only  witii  respect  to  the  iiative  pr«>|>a,;t*atims* 

The  adsorbaci  toxoids  to  a  co.x'tAln  defjroc  lose  tVieir  ^3n,t:ig«»rU.clty  trm 
the  effect  of  sterl-liaing  doses  of  laniaing  rad3.&y,oR*  leas 

proirtaing  is  irTadt.ation  for  jpurpooea  c.f  preserva.ticn  of  liquid  sera 
I  Wititoxio).  ThC'  utij.l?iation  of  cold  storilissation  in  doses  assuring  , 
j  s'fcaidj.ity  of  the  preparation  c-suises  a  pux'^&l  dsmio'iratifs'i  of  sere  5 


I  (thin#  iB  an  increas*  in  th»  visoeaitjr  and  a  ohanga  in  tha  tlectrapha«t|» 
^io  ndbilligr;  a  radaotion  In  tha  antitoxin  titar  ia  notad).  Bwaaar*  bcjr  I 
tha  addition  of  sttlltrwoontalning  anino  aeida  to  tha  Imdiatad  aam  «• 
(^stalnt  qyatatnaatna  it  is  poaalbla  to  pretaet  tha  aam  afalnet 
daotraoilan  daring  the  ooitfsa  irradiation*  Idy  thia  wwaa  it  ia 
possible  to  snbjaot  diagnoatio  aggluttoating  sara  to  radiation  starlUa- 
atlon* 

The  naa  of  Ionising  radiation  is  proodaing  for  tha  atariliaation 
of  baotariologleal  prodootion  aaata  (infaoticna  natarlalt  oontaadnatad 
glasswai'o)  aa  well  as  for  Qlaan  {^aaswara  bafora  It  ia  usad  in  tha  pro¬ 
duction  procaaa*  Ionising  radiation  oaa  ba  utilisad  along  this  line 
if  an  ooonoedoal  unit  la  oonstruotad  with  ade(iuata  handling  oapa<d.^* 
Expanalon  of  the  araa  of  apqplieation  of  atoedo  snargsr  for  paaoa- 
ful  parpoaas  and  raduotlon  of  the  cost  of  the  aowrcaa  of  irradiation 
oaks  them  oonatderab!^  more  available  for  general  use  for  parpoaas  of 
ridiatlon  sterilisation* 
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Radloisotopio  Diftgnosis 

Radibisotopie  diagnosis  Is  ths  dlai^nosls  of  dlsaass  by  maans  of 
radioactive  isotc^as.  The  laathods  of  radlolsotopio  diagnosis  ara  based 
on  the  detection  and  neasuramant  of  radioaotiva  ocsanations.  The  noth- 
ods  of  radlolsotopio  diagnosis  oan  ba  soheoatleally  elassifiad  In  the 
foXlowing  vay. 

1.  The  methods  of  radio isotoplo  diagnosis,  based  on  the  prin~ 
eiple  of  Isotopic  dilution.  Among  them  are  a  number  of  aethods  aak-> 

Ing  it  possible  to  obtain  a  qtMailtatlve  oharaoterlsatlon  of  the  con¬ 
tent  of  different  constituents  by  the  dUutlon  of  a  radioactive  isotope 
or  labelled  ooapound  lii  the  body.  An  6xaiq>le  of  radioleotoplo  diagno¬ 
sis,  performed  on  the  basis  of  data  obtained  by  the  method  of  isotopic 
dilution^  is  -the  determination  of  the  ocluas  of  sirCulatiTig  rsd  blood 
cells  in  the  blood  stream.  Thereby,  the  red  blood  cells  taken  from 
the  patient  are  labelled^^  vitro  by  isotopes  of  radioactive  phosj^r- 
us  (p32)  or  chromium  (Cr^),  and  Umn  are  inieoted  into  ths  same  pa- 
tiei^,  and  by  the  dilution  of  the  labelled  by  the  unlabelled  erythro- 
Ojrtee  In  the  blood  stream  the  total  volume  of  cixeulating  erythrocytes 
is  Judged.  The  degree  of  dilution  oan  be  judged  by  the  relationship 
of  the  radioactivity  of  a  ceilain  voluma  of  tnjeot49d  rad  blood  oells 
and  the  radioactivity  of  the  sane  volume  of  ezythro^es  in  a  blood 
saicple  taken  trm  the  patient  after  ooey^ete  nixing  of  the  injeoted 
labkllad  erythrooytes  with  unlabelled  erythro<Qrtes.  It  is  also  pos¬ 
sible  to  find  the  volume  of  olroifLating  plasma  baaed  on  the  data  of 
isotopic  dilution.  For  this,  the  blood  plasma  proteins  m  labelled 
outside  the  body  with  a  radioactive  ohronlnm  isotope  (Cr^^Cl^).  Sy 
the  diction  of  the  label  in  Ihe  bo(i^  after  the  injeotlon  of  label¬ 
led  Cr^-proteins  into  the  blood  stream  it  ia  easy  to  oaloulate  the 
total  circulating  plasma  volume.  Measurements  of  this  kind  are  eon- 
venl<mt  to  make  vith  human  blood  serum  albumin  labelled  with  Xl31, 

The  isotopic  dilution  principle  underlies  other  methods  of  ra¬ 
dioisotopic  diagnosis.  For  exaagile,  a  detarmlnation  of  the  quantity 
of  water  in  the  body  Inportant  for  the  surgeon  oan  be  mads  by  measur¬ 
ing  the  radioactivity  of  the  water  separated  from  a  blood  saople  taken 
two  hours  after  the  injection  of  tritiated  water  (T^)  into  the  blood 
(see  Tritium).  In  two  hours  the  radioactive  water  manages  to  become 
uniformly  mixed  with  the  body  fluids.  The  degree  of  dilution  of  the 
label  will  be  proportional  to  the  total  volume  of  the  fluid  in  the 
body. 

By  means  of  radioactive  isotqpes  of  sodium,  potassium  and  ohlor- 
it  1$  possible  to  find  the  sizes  of  the  sodium,  potassium  and 
chlorine  ” spaces”,  that  is,  ths  volume  in  wbioh  these  electrolytes  are 
|di8tributed  in  the  body«  by  the  data  of  isotopic  dilution.  The  data  ob- 
Italned  oan  be  of  diagnostic  importance. 
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^  Z,  Tne  atethodtf  of  radloitotc^io  diagnosis,  oaliing  it  possibla^ 

to  taks  into  coiutid«pation  tiia  ohangas  in  tha  ratas  of  pfaysiologloai 
prooasses  in  diffarant  dlsaasas.  Ih  than  an  avaluation  is  aada  of  tba 
tima  factor  in  ^a  ooorsa  of  various  prooasaas  in  tha  body  noxnally  and 
in  pathology.  Thus,  whan  dilaoproi9lfluoro!|^osphonata  IhbaHed  with 
radioactive  pbosp]:¥)raa  is  introduced  into  tha  body  tha  naiiXy  foxuad  I 

erythrocytas  baooaa  radioaotiva.  Tha  label  laavaa  then  only  whan  tha  1 

rad  blood  cells  era  dastroyad.  Following  this  prooass,  which  is  sub-  ! 

ox*dinate  to  an  mponantial  law,  with  reipaot  to  tins,  it  is  possibla  | 

to  calculate  tha  half>llfa  of  tha  rad  bl^  calls  and  their  average 
lifespans.  B/  the  sane  nathod  it  is  possible  to  detaralne  tha  average 
lifespan  of  other  fomad  blood  elenanta.  The  faot  that  various  |drooas~  | 

sas  ooour  aooording  to  an  eoqponmtlal  relationship,  udiieh  has  bean  as* 
tablished  in  studies,  opens  i»  broad  possibilities  of  quantitative 

rtKoesa  a4«a%*-4  «>%»■  ^ 

using  these  data  for  diagnoatdo  purposes.  %eoifieally,  oiethods  of 

tracer  studies  of  tha  liver  funotion  v4»v. )  are  based  on  this. 

them  consideration  Is  given  to  the  rata  at  which  radioactive  dye  (for 

exaople,  Rose  Bengal  labelled  with  ll31)  or  ooUoidal  radioactive  gold 

is  token  out  of  the  blood  stream  by  liver  cells.  The  same  principle-*  i 

aeasureaent  of  the  olearanoe  rate  of  the  blood  with  respect  to  a  laJ^el* 

led  substance  foreign  to  the  body  is  ut:^lised  in  tracer  diagnosis  of  ) 

kidney  diseases  (see  Kidneys,  tracer  studies  of  kidney  functions).  The  ' 

rate  Is  character iaed  by  tha  tima  needed  for  radunticn  of  tha  conoan- 

tr&tlon  of  the  labelled  substance  in  tha  blood  to  half.  This  Index  is 

found  from  an  arialysis  of  the  blood  radioactivity  curve  as  a  function 

of  the  time  which  lias  elapsed  after  administration  of  the  isotope. 

Ey  the  rates  at  which  radioactive  iron  (Fa^)  is  taken  out  of 
the  blood,  its  \ptake  by  the  bona  marrow  and  reappearance  in  the  blood 
(in  the  cosposition  of  8rythro«qrfces)  a  conclusion  ie  drawn  conc«rnlng 
the  f\inctlonal  state  of  the  bone  marrow  and, together  with  an  analysis 
of  other  indices,  a  conclusion  about  the  state  of  hemopoiesis  and 
blood  destruction.  By  the  same  token,  the  differential  diagnosis  of 
various  forms  of  «uneR)da  is  considerably  facilitated. 

OiagiMstio  teats  serving  for  the  evaluation  of  the  state  of  the 
hcaaodynamics  (see  Cardiovaacolar  System)  aiaount  to  a  direct  measure- 
aenb  of  the  time  ixitervais  spent  by  tha  isotope  ir^  going  tbroiigh  the 
greater  or  lesser  circulation  or  various  parts  of  llie  blood  stream. 

In  tiiese  tests,  the  measixring  app^atics  reoords  the  tJjao  of  th®  injec¬ 
tion  of  the  isotope  (usually,  and  the  time  it  roaches  the  part 

of  the  body  of  iJctertiSt.  In  modern  apparatuses,  uao  is  mad©  of  auto¬ 
matic  recording  of  these  indices. 

3,  Ihe  methods  of  tracer  diagnosis,  in  which  consideratio»i  is 
given  to  changes  in  distribution  of  radioactive  isotopes  brought  about 
!by  a  pathological  pi-ocess.  The  dass'^o  exaitple  of  the  tracer  diagnostic j 
j methods  belor^ing  to  this  group  is  the  determination  of  the  functional  | 
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of  tho  thyroid  gXanl  by  mm  of  rodlooetivo  lodlao  (q.T*).  Thol 
liotiiod  is  biuiod  on  tho  foot  thst  tbs  lodiwo  thyroid  gXaad 

(t^  indsoc  of  whioh  is  ths  aoeoanilstloa  of  or  I*-3*  la  it)  dsp«ids 
on  tho  funetioiial  stats  of  ths  tfeyroid  glaadi  it  Is  iAcarsaasd  in  hypsr- 
thyroidiam  sad  rsdoosd  la  hypottayroidiaBu  Djp  to  20  dlffsrsnt  toots 
hars  boon  propossd,  in  vhloh  ths  radloaotivs  ionins  assists  In  dstsot- 
ing  abnomslitiss  of  vqptaks  sad  MftsbtOLiaa  of  lodins  In  ths  thyroid 
gland.  Ths  slaiasst  sad  w>st  rsliahlo  is  ths  dynasdo  dstsralnation  of 
ths  1151  abscrbsd  bj  ths  thyroid  gland  In  psresntagss  of  ths  (piaaUty 
adBdnistsrsd.  Conraniurt  fte  this  poiposs  Is  a  060-60  apparatus  ooni- 
stroetsd  at  ths  Instituts  of  Hsdloal  InstroasnU  and  Iqulpasat  of  ths 
Ministry  of  Hsalth  osas  (Soisntifie  asssareh  Instituts  of  Ksdioal  In- 
stnannts  and  Bcjulposot),  shoMti  In  Fig.  1. 


[Ihotograph  not  suitable  for  rsproductloni  available  in  source.] 

Fig.  1.  Study  of  ths  Fatisnt  by  Means  of  a  DSU-60  i^pparatus.  Msasurs- 
n«it  of  aotlrlty  «itb  a  sointlUatlon  counter. 

Sy  iDsans  of  apparatuses  of  another  type  (gasna  radiographs, 
seannsrs  (q.v.))  it  Is  posslbls  to  detail  tte  distribution  of  radio- 
active  iodine  (to  take  a  gaaBaagraph,  or  scan)  both  In  the  gland  itself 
and  in  the  tissues  around  it  aa  vail  as  in  variouB  areas  of  the  body, 
for  eaouqple,  in  the  region  of  thyroid  caroinosta  Dotastasos.  The  latter 
is  possible  if  ncre  radioactive  iodine  is  tak«ii  up  by  ths  mstastasss 
than  i3y  ths  suxToundlng  hsalthy  tissue.  In  Fig,  2,  a  gamnagraph  is 
sboiin  of  a  patient’s  hand  with  tiyroid  earclnoaa.  The  danse  arr^e- 
aant  of  lines  oorreaponds  to  the  site  of  increased  uptake  of  Il31  and 
indicates  the  location  of  the  netastasis. 

A  nunber  of  Methods  of  radloisotopie  diagnosis  of  other  types  of 
tuEBors  are  based  on  the  detection  of  deviations  froa  the  usual  distri¬ 
bution  of  rsdloaotive  isotopes.  Thereby,  consideration  is  given  to  the 
j  possibility  of  Increased  aooumolation  of  the  isotope  or  labelled  cosi- 
i pound  in  the  tuDor  tissae.  This  can  be  caused  ty  nstabbllo 
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iwose  arrangtfMsxt  or  lino*—  xt^roio.  eamnofift  mnastasit. 


cbsractseristiea  in  tliio  tuaor  otlX  or  bgr  «  ohaag*  in  tha  dlatribution 
ot  tha  iaotopa  ahleh  dep^ada  on  tha  laral  ot  tuaor  tlMua  paaraaabllity. 
Spaclfioally,  tho  radioiaotopio  dlagnoaia  of  brain  twora  and  t\2aore 
of  the  acre  la  posaibla  baeaoaa  of  an  ioeraaaad  p«nseabilitsr  of  the 
haBato-anoaphalis  end  h«8ato~opbthf3«la  barriars  for  a  mnbar  of  iso- 
t(»ea  and  XabOUed  oanpounds  (dilodoflnorasoein,  iodinatad  ailbu;&.ln, 

Aa?^,  ai3d  P32),  In  Fig.  3.  a  stodsr  of  an  «3re  twaor  la  shotm  bjr 
means  of  radloaotive  pho^phoroa.  X  dimxrdw  of  diatrUmtion  of  i^adlo- 
aetive  Isotopes  aakas  it  possible  to  diagnose  congenital  cardiac  de- 
faots.  In  the  presence  of  a  defect  in  the  saptw  bet^reen  the  right 
and  left  heart  the  xadioaotire  gas  krypton  adnlnistered  In- 

halatl.on  penetrates  Into  the  ohaatbere  of  the  tig^  heart  and  Into  the 
blood  of  the  pulsNinary  arteries  earlier  and  in  larger  qtumtiiies  than 
in  a  healthy  pfrson,  thereby*  it  is  poesibla  to  dat@m1jaa  not  only 
tha  exlstesnoe  of  tho  defect  but  also  to  make  its  location  aiid  slsa 
atora  definite. 

The  abeence  of  i:qptake  of  diodrast  labeUad  -Hltb  radioaotiva 
iodine  and  In^Jaotad  into  the  blood  by  the  id  \ney  Indicates  fuoctional 
insuffioienay  of  it.  In  addition,  vqptaka  ol  tha  dlodrast  by  the  kid¬ 
ney  without  aobsaquent  penatratlon  of  ic  into  tha  urine  indloates  tha 
prasanoa  of  an  obstada  to  the  paasage  of  urine.  Such  data  are  vary 
valuable  for  the  diagnosis  of  kidniy  dlseasss. 

4,  The  nathods  o.f  traoar  diagxnais  aooording  to  data  oharaeteiiv 
Islng  tha  absorption  and  eaoaretlon  of  radioactive  isotopes  and  labd^ 
lad  ooag>ound8.  Aaong  than  studies  of  th  abaorption  of  laballsd  vita» 
ttln  Bi2  frott  ths  gastrointestinal  tract  are  of  assentlAl  bajportanoo. 
jin  the  study  of  tise  fonotional  oozslltiou  of  tho  gastrointestinal  tract  i 
'use  Is  nada  of  indices  of  absorption  of  fat  and  protein  labelled  ifith  f 
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ri«dlo40tive  lodln9»  I 

Sona  of  th«  methods  of  tnoar  diagnosis  provido  ijifoamtion  p«r» 
taining  to  tho  distributlwi  of  isotopes  sod  to  the  retes  of  prooesees 
being  stodied  and  to  iofoxnation  of  dllfereot  kinds  all  in  the 


technique. 

In  the  iniaeT  utilisatian  of  traoeir  diagnosis  oonsida»itle& 
should  be  given  to  the  possibilltjr  of  the  radixitdori  hasard  for  the  pa¬ 
tient  fron  the  oral  adtoinistration  of  radioactive  sabstanoe.  Per^ 
faction  of  the  neasurlng  technique  aakes  possible  the  perfonBanoe  of 
studies  vith  ausH  quantities  of  radioactive  eubstanoes,  redneee 
the  radiation  hazard  to  an  aoeeptahOa  level*  See  also  Badloactive  lao- 
topas* 
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Fig.  3.  Diagnosis  of  Eye  Tumor  by  Increase  Absorption  of  Hadioacstlve 
Phosphorus.  Measurement  of  the  Activity  vith  a  Scintillation  Counter, 

D.  Grodzenskiy 
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R«dioiaota|>«  LaborAtoc^r 


1 


lh«  zttdiolMtapa  liOMratoiy  is  a  ooabinatlon  of  rooas  and  aqoi^- 
iiaant  for  tho  parforaanoo  of  aelMitlflB  raaaaroh,  taehnieal*  tbarapautie 
and  soma  othar  work  with  tha  tttHiaation  of  natural  and  artlf  ieial  ra- 
dloaetlva  Isotopaa.  As  a  rula,  tha  radiniaotopa  laboratory  is  inolndad 
In  largo  Institutiontt  seiantiflo  raaaareh  inatitataa,  eantral  plant 
laboratorias  (for  axupla.  at  antacprlsas  of  tha  aatallurgioal  and  aa- 
ohlna  baildlz«  induatrlas),  olinios,  oneaiogioal  dlapanaarlas  and 
others.  In  tha  radlolaotopa  laboratoxy,  radioehswloal  praparativa  woric, 
radtochaaloal  and  iaotople  analysis  of  diffsr«Bt  olaasnts  and  oon^unds 
are  carried  ontt  aathods  of  radi0Be^7  and  dosimetry  (q.v.;  are 

utUiaad*  In  tha  radlolaotopa  laborato^  woric  is  dona  on  tha  prapara* 

A#  A#  taA^4*4>44aa«  A^«a  4ar«s^4saia  ^iKw*  ^W«a  w%i%t|S^ACA 

W*  •waavoe*  WA  A«MWWMVwwMW>a  . .  aw*  wa  > 

ttxii  'u«Ub*r«iOF  n»MU*IiulwKjri  wvvw*  iuxl  giaiiiih^rijr  mouaCm 

graphy  as  well  as  for  usa  in  instruaentation. 

An  important  raqalrenant  for  tha  arrsngsmant,  planning  and  tha 
aqulpping  of  the  rsdioisotopa  laboratory  la  tha  assuranoa  of  radiation 
safety  for  sarvloa  personnel  of  tha  Isborato^  and  elimination  of  tha 
possibility  of  oontamiaation  of  tha  anvdronsanb.  The  strictest  raquira> 
nsnts  are  oada  on  rsdioisotopa  laboratorias  in  whioh  work  is  dcxia  with 
open  radiative  £»nrcas«  In  this  casa,  tha  dsgraa  of  possible  kasard  is 
detarminad  by  the  physlosl  state  of  tha  radlAaotiva  substance,  tha 
quantity  of  it,  tha  type  and  energy  of  radiation,  tha  half»lifa,  tha 
relative  radiotoxiolty  and  tha  nature  of  tha  taohnioal  prooassas  used 


in  tha  laboratory. 

In  setting  up  radioisotope  laboratorias,  oonsideratlon  is  given 
to  tha  degree  of  toxLoity  of  radloaotlva  isotopes,  for  work  with  which 
those  laboratories  art  designed.  In  aeoordsnoa  with  tha  degree  of  to3o> 
iolty,  they  are  divl^  into  four  groups.  In  group  X  are  radioactive 
isotopes  with  psrtioularly  high  radiotoxioity,  for  whioh  tha  permis- 
slbla  concentration  in  tha  sdr  of  wrk  praaiaas  is  aoual  to  l»I0-i3 
curie  par  liter  or  less  (Sr90,  Po^lO,  Rs"©  •nci  Ra^Zo  and  others);  in 
grovqp  B,  elements  with  a  high  degree  of  radlntoscielty,  pemlss^e 
concentration  iia  the  air  of  the,work  prsBisea  from  l*10“i3  to  l»10“lJ- 
curie  per  liter  (Ne^,  Ca^5,  Co^®,  I^^t  131,  C^A‘3^*  ^3?,  uZ30“Z38  and 
others;;  in  groiq)  C,  olements  with  moderate  radiotoxicity,  where  the 
pemissible  conoentratlon  In  ftpoa  1»10*11  to  1»10“9  curie  per  liter 
(Na2^,  P32,  s35,  Pe59,  Br82,  Sbl24  and  others) ;  in  grotp  D,  elemehta 
with  the  least  rsdiotoxieity,  whsrs^the  peraisslUe  concentration  is 
more  than  1*10^  curie  per  liter  (h3,  Cl*,  n13*  17,  Ar^i,  Sbl^,  Bal39 

and  others)..  ' 

Depwding  on  the  radlotozieity  group  end  the  activity  of  the 
I  agents  utUised  at  the  place  of  work,  mrk  with  radioactive  agents  is 
divided  into  three  classes. 
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1  No  special  sanitary-hygienic  requirements  are  made  on  the  plan- I 

ning  or  equipping  of  laboratories  in  whioh  work  is  done  corresponding 
to  class  III.  This  work  can  be  done  at  various  tables  in  general 
premises  outfitted  in  accordance  with  tne  requirements  for  chemiical 
laboratories.  Work  eorrewnding  to  elaes  II  is  done  in  specially 
outfitted  premises  located  in  a  separate  eompartinent  or  in  a  wing  of 
the  building.  These  premises  should  include  a  shower  room  or  medical 
inspection  room  and  a  doslmetrio  aK>nltorine  station.  Even  higher  re¬ 
quirements  are  made  of  pranises  for  work  of  class  I.  The  principle 
of  division  Into  three  areas  depending  on  the  degree  of  possible  ra¬ 
dioactive  contamination  should  be  made  the  basis  of  the  planning  of 
premises  for  this  work  (Fig.  1).  In  the  first  area  various  compart¬ 
ments,  cubicles,  consaunications  and  others  which  are  the  possible 
main  sources  of  contamination,  are  located;  in  the  second  area,  repair- 
transport  prsniises  are  located,  designed  for  repair  operations,  load¬ 
ing  ana  unloading  of  active  materials  and  work  associated  with  opening 
technical  equipment  and  deactivation;  in  the  third  area,  regular  prem¬ 
ises  for  service  personnel  are  located—  operators'  (Fig.  2^  control 
board  and  control  panel  rooms,  associated  with  the  control  of  proces¬ 
ses  occurring  in  the  first  area. 

The  combination  of  rooms  of  the  radioisotope  laboratory'  is  de¬ 
termined  by  the  technical  plan  and  the  volume  of  operations  and  may  be 
different  in  aooordance  with  the  purpose  of  the  laboratory,  Neverthe¬ 
less,  a  number  of  components  is  essential  for  each  laboratory.  Ataonc; 
them  are:  a  safe  for  radioactive  preparations,  a  packing  rooir:  and  a 
room  for  metering  apparatus.  The  strictest  requirements  for  protect¬ 
ion  are  made  on  the  safe  and  packing  room,  and  operations  carried  out 
in  them  belong  to  classes  I  and  II,  Often,  these  rooms  are  separated 
from  the  rest  of  the  laboratory  by  an  intermediate  medical  inspection 
room  (or  medical  washroom). 

Rigid  requirements  are  made  for  the  ventilation  and  air  condi¬ 
tioning  system.  Provision  is  made  for  regular  monitoring  of  the  con¬ 
tent  of  radioactive  dust  and  aerosols  in  the  air.  Air,  removed  from 
the  premises  as  well  as  from  cubicles  and  exhaust  hoods  shovld  be  puri¬ 
fied  by  special  filters.  The  total  exchange  ventilation  is  arranged 
in  such  a  way  tliat  the  air  stream  be  directed  from  premises  with  less 
contamination  to  pranises  with  greater  contamination.  Liquid  and  sol¬ 
id  wastes  in  the  radioisotope  laboratory  are  carefully  collected  and 
sent  out  for  burial  in  special  burial  places.  In  laboratories  with  a 
large  volume  of  work  provision  is  made  for  a  special  sewage  system 
with  a  sewage  purification  system  with  respect  to  radioactive  contam¬ 
ination. 

Radioisotope  laboratories  in  which  work  belonging  to  classes  I 
and  II  is  conducted  are  furnished  with  special  protective  equipment. 

I  V/ork  with  alpha-  and  beta-emitting  preparations  is  done  ii\  air-tight 
i  cubicles  and  exhaust  hoods  with  the  rubber  gloves  set  into  them. 
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Fig.  1.  Sltqplifisd  diAgrttft  of  trifonsX  plannlxig  uid  tho  rolatlons  b«- 
tvoon  various  groins  of  proalssst  1.  vastibul«»  toil«t»  showar  roMS, 
closets  for  speoial.  suits  and  4>eoial  footwear  t  2.  opoMtor’s  and  anac- 
llisry  premises  I  3*  where  equJpuant  is  located  t  4.  repair-trans¬ 
port  zonst  Isot^e  safe*  solid  waate»  air  outlet  ventilation  ecs^Murt- 
ments  servicing  areas  I  and  Hi  5*  nedical  Inspection  rooa  or  ae^oal 
washrooms:  6.  outside  entrance:  7*  passage  Aram  the  vestibule  to  rooms 
in  the  third  zone;  8.  passage  to  the  oedioaX  Ixispeotion  room  or  medical 
washrooms;  9<  passage  Aram  the  aedieal  inspection  room  or  aedloal  waeh- 
room  to  area  II:  10.  passage  from  area  H  to  srea  I:  11.  aocit  from 
area  XI  to  the  outside  for  the  purpose  of  receiving  isotopes  and  re¬ 
moving  wasts:  12.  main  places  of  work  In  the  operator's  room:JL3. 
room  for  work  associated  with  opening  equipment;  14.  zone  I  /also  cal¬ 
led  area  I  in  this  tvxjj.  Highest  level  of  possible  contamination;  15* 
area  II.  Medium  level  of  possible  contamination;  16.  area  HI.  Condi¬ 
tionally  uncontaminated.  The  ooourrenoe  of  oontaminatlon  is  possible 
when  work  regulations  are  violated. 


Gaasu-emitting  preparations  sre  also  treated  in  air-tight  cubicles  and 
under  exhaust  hoods  which,  however,  are  furnished  with  additional  lead 
or  cast  iron  protection.  Work  with  highly  active  sources  of  high  ener¬ 
gy  beta-radiation  and  gamma  sources  is  d:>ne  by  means  of  remote  oontrol- 
led  msnipulators.  The  preparations  are  transported  from  the  safe  to  the 
packing  room  az^  then  to  the  places  of  work  means  of  conveyers  pass¬ 
ing  under  protective  cover.  In  small  laboratories,  the  preparations  are 
transported  between  places  of  work  in  protective  containers  (Figa  3  and 


ii 
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4). 


In  medloal  radioisotope  laboratories  usually  both  enclosed  and 


f 


:r%.  2,  Operator's  rooms  in  laboratories  for  prodiusticoi  of  luminous 
■SvS^uTiiiis 5  1,  i^sUiw  oi  air«iiKiii  oubicxos  wiia  orersieave  aioves;  2* 
]}rot6Cti7«  sliding  oast  iron  sblaldB;  3.  glass  partitions  buttons 
tor  olevators  for  underground  atorags  of  products;  5*  mashinsty  for 
isovirsg  shields. 


i^^g.  3.  Hopalr-transport  area  of  laboratories  for  production  of  lumin¬ 
ous  compounds:  1,  system  of  air-tight  cubicles  from  the  repair- trans- 
j)ort  area  side;  2.  gJass  parH-tlnn;  3»  detachable  windows  for  repair  of 
<H5,uipra«int;  4,  filters  of  cubicle  vent3f,ation  system;  5*  air  ducts  for 
fu^plying  air  to  the  air  suits;  6,  lights  for  llliiadnatlrtg  inside  of 
cubicles. 

open  sources  of  radiation  are  used.  Such  laboratories  are  i.ncluded  in 
!  -vhe  oncological  di:q?ensaries,  large  therapeutic  institutions  mi 
'""iscieutific  research  institutes. 
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Fi£«  Diagram  of  the  vorktog  prooeast  A.  safe  room;  6.  manipulations 
room;  1.  revolving  type  oontainer;  2.  protective  mork  table  of  safe¬ 
guard;  3.  manipulations  table;  steriliser.;  5*  conveyer;  6.  ps«teo- 
tive  table  for  treatment  of  the  capsules  after  discharging  them  and  for 
placing  them  in  containers  (the  thick  solid  line  with  arrows  shows  the 
transportation  of  containers  with  the  oepsules);  7.  oharging;  8.  dis¬ 
charging*  (A*  Ta*  Berio vskly). 


In  neiieal  radioisotope  laboratories  work  is  done  corresponding 
to  classas  tl  and  III*  Thereby,  work  of  class  II  is  done  in  the  safe- 
rooms  and  packing  rooms.  With  the  utilisation  of  radioaotive  Isotopes 
for  therapeutic  purposes,  a  number  of  operations  of  class  II  are  con¬ 
ducted  in  th»  procedures  and  operations  rooms.  The  bulk  of  th.s  work 
witii  the  utilisation  of  isotopes  for  dUgnoetio  pueposes  belongs  to 
class  XII* 

The  entrance  to  the  safe-rooms,  packing  room  and  some  prooedure 
rows  is  g^iarded  by  a  dosimetric  station  or  medioaX  inspection  room. 

The  equipment  and  finish  of  these  rooms,  ventilation,  heating  and  the 
sewage  system  are  in  accordance  with  the  requirements  of  sanitary  reg¬ 
ulations  for  work  with  radioactive  agents  of  class  H.  The  other  rooms 
of  the  radioisotope  laboratory  (the  bulk  of  the  procedures  and  opera¬ 
tions  rooms,  promises  for  metering  operations,  observation  rooms,  etc.) 
are  equipped  in  accordance  with  requirements  for  operations  of  class 
III.  All  the  premises  of  the  medical  radioisotope  laboratory  are 
usually  located  in  a  separate  cosapartment  or  in  a  special  building. 

With  the  use  of  enclosed  sources  of  radiaticm  alone  the  sanitaiy- 
hygienic  requirements  are  someidiat  different.  Since  in  this  case  the 
possibilH?^  of  contamination  of  the  environment  with  radioactive  agents 
can  occur  only  through  a  break  in  the  hermetic  sealing  of  the  prepara-  , 
tlons,  the  saain  attention  is  given  to  problems  of  protecting  the  | 
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i  stcvio®  psrsora?$l  against  external  irradiation  and  to  checking 
hermetio  sealing  of  the  envelc^es  containing  the  pri^arations, 
tect.lon  against  external  irradiation  is  assured  by  the  use  of  jjrotec- 
tive  equipment  and  rauote  oontrolled  units  (see  Antiradtation  Protec~ 
tion  (Physical)}.  Apparattisss  used  for  gamma-ray  therapy  can  serve  as 
an  Sourcea  cf  radiation  in  these  apparatuses  are  enclosed  in, 

protoctix'-e  containers,  and  they  are  operated  by  remote  control,  Tuc 
irradiationa  are  conducted  in  premises  with  protective  walls,  ubeer- 
vatSjon  of  the  irradiation  is  made  by  means  of  television  apparatuses 
or  through  observation  ports  with  protective  glass.  When  gamma«ray 
preparations  are  introduced  into  the  body  cavities,  ti3sv\es,  or  when 
they  are  placed  on  the  body  surface,  xise  is'niiade  of  slUing  proteettva 
shields. 

See  also  Radiation  Hygiene. 


on  tile  { 
Pro- 
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Badlologlsal  Dnita 

RadiologiOAl  units  (and  angiiittKiM}  w  unite  o.f  ntMisuriiaent  of 
the  nagnitudne  utllieod  in  rediologjr. 

In  th«  USSR,  the  tmite  of  s-rediation,  gauBe-rediet^on  and  ra¬ 
dioactivity  are  defined  tsr  OOST  /^ai^Union  State  Standard/  8d4&~56,  en^ 
acted  1  January  1959*  The  OOST  pertly  takes  into  oonsideratlott  the 
reooanendations  of  Intematluaal  Ceenisslen  on  RadioXogioal  Units 
and  Meaeusraaientfi  (ICRU). 

The  International  Cooniaaien  on  RadioXogioal  Units  and  Measure- 
aenta  was  organised  at  the  First  International  RadioXogioal  Congraaa 
(1925 )«  The  Ccaadsalon  worica  on  tho  baala  of  aaterial  of  oorreetpond- 
Ing  national  oonnittaast  is  oontroUed  hy  yadlologieal  oongraases^  and 
is  oonnaoted  with  the  World  Hoalth  Organisation  (WO).  Tho  raoonmen- 
datlons  of  the  International  CoMiasion  :>n  RadioXogioal  Units  and 
Maaaureaente  are  revised  aorstenatioally  in  aeoordawe  with  the  edq>an- 
aion  of  the  field  of  appliMtlon  of  radiation* 

Below,  definitions  of  radiologioal  units  aooording  to  the  OOST 
are  preeented.  as  well  as  definitions  of  son#  radiologioal  units 
of  Interest  which  have  teen  inoluded  in  the  retHMSBeadatlons  of  the  In¬ 
ternational  Comission  on  Radiologioal  Units  and  Keasurenents.  end. 
finally  *  definitions  of  radiologioal  units  eneountered  in  publioations 
vhioh  have  not  been  inoluded  either  in  the  OOST  or  in  the  reoanooenda- 
tions  of  tho  ICRU—  either  they  are  outdated  bat  are  still  used  or 
have  gone  out  of  use  oogqplctely  but  require  eo^paratlve  evaluation 
for  reading  the  literature  of  previous  years.  With  respect  to  the 
latter,  it  has  been  pointed  out  that  these  are  outdated  units.  In  the 
gro^  units  are  included  based  on  the  ionisation  method  of  aeasurwient, 
photometry,  colorimetry  and  others*.  In  addition,  the  so-called  bio¬ 
logical  units,  based  on  standard  reaotions  whloh  served  for  r^roduo- 
tion  of  irradiation  conditions  in  ths  initisl  period  of  deveXopaent  of 
dosimetry,  are  given. 

As  the  unit  for  the  dose  of  x-radiation  and  gaama-radiatlon  the 
roentgen  has  been  adopted  (r)«  In  accordance  with  the  OOST,  the  dose 
of  x-radiation  or  ganta-radiation  in  air  trait,  vhldh  tiM  conjugate  cor- 
pusoular  emission  per  cubic  centimeter  of  air  (possessing  a  mass  of 
0.001293  gram  at  6®  0  and  76O  millimeters  of  nsroury)  produces  lone 
ixi  it  carrying  a  charge  equal  to  one  eleetrositatie  unit  of  each  sign 
(in  the  oeni^biieter-graffi-seoond  ^tem).  is  takws  as  one  roentgen. 

The  dose  of  x-radlation  or  gasna-radiation  is  a  measure  of  the 
ridlation  based  on  Its  ioiriising  power.  This  dsfinitlon  ooincldeu  with 
t,he  definition  given  by  the  XCRUt  "the  irradiation  dose*  (or  the 
pO'Sare  dose"). 

I  In  acoordancs  with  the  GOST,  the  cjse  characterising  t^ie  fields 

of  x-ray  and  gamma-radiation  should  be  measured  in  roentgens.  The  use 
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of  tiio  roontgeoi  as  the  doss  unit  is  acceiiitsd  for  tiis  rasasursaarit  of  | 
radiation  ¥i.th  quantum  enwr-gias  up  to  3  Mev. 

In  practise, derived  values  of  the  roentgen  are  utilized:  the 
megaroentgon  (lOo**),  kiloroentgen  (103r)^  milliroentgen  (10- 3**),  mioro- 
roentgen  (lO-tr),  which  can  be  designated,  res^jectivoly,  Mr,  kr,  mr, 
/«r. 

In  calculating  the  dose  created  by  beta-radiation  of  radioac¬ 
tive  isotopes  ix.  tissues,  the  followtng  formula  ie  used: 


where:  D/  is  the  dose  (in  roentgens)  llherated  from  ooH^lete  dieinte- 

^xeaUXiWfaat  V«*”  w«tw  w<,»'aiU«ilAtoXawXWIi  Ui,  Wittf  .Ui  \  ^\^tArl.wnn,  ptfX' 

gram  or  ^issxws;  if  xs  tne  uair-rxre  an  oays;  is/,  is  the  mean  particle 
energy  in  Mev,  ‘  ^ 

The  roentgen  per  second  (r/s)  has  been  accepted  as  the  unit  of 
intensity  of  the  dose  of  radiation.  The  quantity  of  energy  which  pas¬ 
ses  tirrough  a  small  sphere  surroundi:^  a  point  with  a  imlfom  cross- 
sectional  ai‘oa  per  unit  time  is  ca31ed  the  intensity  of  radiation  (the 

per 


density  of  tJie  radiation  energy  flux)  at  the  given  point.  Th 
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square  centijaetor  or  the  watt  per  square  oentimeter  (abbreviateds  erg/ 
cm2  and  w/om2)  serves  as  the  unit  of  radiation  intensity. 

The  mgnttude  of  the  neutron  flux  is  characterized  by  the  num¬ 
ber  of  neutrons  passing  through  a  perpendicular  beam  witli  an  area  of 
one  square  centimeter  per  second. 

The  unit  of  the  absorbed  ^se  of  x-radJation  or  gaaima-radiation 
is  the  rad  (abbreviated  rad),  Accordirj  to  the  GOST  a  dose  of  x-radi- 
ation  or  gajfjaa- radiation  eijual  to  100  ergs  per  grte  of  irradiatod  sub¬ 
stance  by  the  iiTadiiited  substance  is  talcon  as  1  rad.. 


to  practice,  derived  values  of  the  rad  are  used:  the  megarfAd 
(10«  rad),  kilorad  (103  rad),  ndllirad  (10-3  rad.),  miororad  (10-»  rad), 
which  can  be  called  respectively  14  rad,  k  rad,  m  rad,  and/W-rad. 

From  wh»''t  has  been  stated  above,  it  is  seen  that  in  radiology 
the  concepts  of  tlic  absorbed  dose  and  the  irradiation  dose  ai‘e  ac¬ 
cepted,.  to  ffisny  cases  the  absorbed  dose  oan  i^edily  be  calculated  on 
tho  basis  of  laeastu-ln;:  the  value  of  the  irradiation  does.  In  coimect- 
iion  with  this,  Gtje  A->oantr,en.  as  the  practical,  dose  unit  of  irradiation 
(ecqwsure  dose)  for  x-  and  garaiaa-rays  remains  Uia  basis  of  practical 
dosimetry.  The  absorbed  doss  is  determined  by  means  of  measuring  tha 
.irradiation  doses  in  roentgens  (clmracteriz.ing  the  radiation  field) 
with  consideration  of  the  coJKposition  of  the  raedlvoi  being  irradiated. 

In  practice,  under  conditions  of  electronic  equilibrium  the  absorbed 
dose  is  determiiiei  by  calcul.ation  aecordinf'  to  the  following  rolation- 
I  ship;  tl'je  absorbed  dose  D  is  proportional  to  tlio  irradiation  dose,  jj 
;  R(i)='.fFi).  For  ‘Uie  case  c,f  x-  and  gaittma-radiati.on  and  whore  the  _ t 


i  absox^bing  iMdivta  is  air,  tbs  of  t  Is  0.877  rad  p«r  ro<mtgfln  tw  | 
angr  quality  of  thssa  radiations;  for  otikar  aadia,  f  ehangss  with  tha 
atomio  coopositlon  of  tha  suhstanoa  balag  irradlatad  and  tha  quali^ 
of  tha  radiation. 

Tha  intagral  abaorbad  doSa  in  a  givan  araa  la  tha  name  of  tha  snar- 
gy  trans&ittad  to  tha  eubstanoa  by  loniaing  partiolaB  in  this  area. 
According  to  ‘Uia  reocnaaiRdationa  of  tha  ICSRU  tha  unit  of  tha  Integral 
absorbed  dose  is  tha  graa-rad  (g»rad)i  1  gram-rad  is  equal  to  100 
.  ergs  (ICRU). 

The  intensity  of  tha  absorbed  dose  is  the  term  for  dose  abaox'bad 
per  unit  tine.  Tha  unit  of  intansity  of  tha  absorbed  dose  is  the  rad 
par  unit  tias  (ICBU). 

The  roentgen  equivsaant  j^aioal  (abbreviated  rap)  has  two  def¬ 
initions.  First,  the  dose  of  any  ionizing  radiation  which  leads  to 
absorption  of  enersry  of  BB  ew»  by  th*  th^t  is,  the 

energy  which  is  absorbed  by  tissue  par  g^m  of  air  idien  the  radiation 
dose  is  equal  to  1  r*  is  taken  as  1  rap*  Later,  tha  dose  of  any 
loiiizing  radi&tion  which  leads  to  absorption  of  95  ergs  of  energy  par 
cc  (1  gram)  of  wet  tissue  from  irradiation  with  hard,  x-  or  gamma-rays 
began  to  be  taken  as  1  rep. 

Tha  dose  unit  for  fast  neutrons  is  designated  by  the  symbol 
"n"  (Jlbershcld  and  othars.  19^1).  A  dose  of  fast  neutrons  equal  to 
1  n  produces  ionization  in  a  Viotoreen  doslnetar,  oaleulated  Ibr  100  r. 
equivalent  to  the  ionization  produced  by  a  dose  of  x^ays  equal  to  one 
roentgen.  1  n  is  about  equal  to  2.5  rep  is  about  equ^  to  19O  ergs 
per  gram  of  tissue.  1  n/sec  is  about  equal  to  5.8»10®  fast  neutrons 
per  square  cantlme+^f  per  second. 

In  American  works  sanetiaies  the  doae  of  fast  neutrons  is  desig¬ 
nated  by  the  ^bol  N,  This  designation  aiqclies  to  measurements  made 
by  means  of  the  Viotoreen  dosimeter  oalova.ated  for  25  r. 

With  the  introduction  of  the  rad  other  units  in  the  field  of 
neutron  measurements  as  well  as  the  rep  went  out  of  use, 

T>;e  linear  ene;^  loss  is  characterized  by  the  energy  transmit¬ 
ted  by  an  ionizing  particle  to  the  surrounding  medium  per  unit  section 
of  its  pathway  aiwl  is  expressed  in  kHoeleotroB  volts  per  micron. 

In  the  literature  the  following  magnitude  is  encountered; 

“^eoific  ionization,®  detenalnable  by  the  linear  deiisity  of  ions 
along  tJie  pathway  of  an  ionizing  particle  (the  number  of  ion  pairs  per 
micron  of  substance). 

The  unit  of  activity  of  a  i*adioactive  isotope  is  the  curie  (c)— 
tbs  activity  of  a  preparation  of  a  given  isotope  in  which  3. 7*10^*^  dis¬ 
integration  events  occur  pw  second.  Accordiaag  to  the  1C!R0  definition 
(1956).  the  curie  is  the  unit  of  the  quantity  of  radioactive  s^ibstaaoe 
©atimated  according  to  its  radioactiriJy,  The  quantity  of  a  radioao- 
j  tive  nuclide  in  which  the  number  of  disintegrations  par  second  is  equal  j 
■  /  to  3.7*10)-C*  is  taken  as  1  cxarie.  In  practioe.derlvad  values  of  tl)o  | 
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usadt  th«  nagaouria  (10^  curias}*  kHocuris  (103  eurlss),  i 
B  Ci02  scrlsc),  dmaamrid  (lO  etarlss)*  Millicttrle  (10”3 


roar:lL*  ars 

hsotoouxls  _  _ 

nisrootuls  (3.0^  curls),  rsspasilTiCiy,  Ho.  k0,  bo,  do,  me,  snd/«e. 

1»  seas  oountriss,  tbs  ruthorfeord  (rd)  h«i  boon  Ooosptod  os  tho 
unit  of  oetivitort  it  is  tho  oetivitj  of  tho  ((oontity  of  rodioootivo 
proiporotion  In  whloh  lOo  disintagrmtlsns  oeonr  psr  sooend.  Tho  dorlr- 
otlTos  of  this  unit  am  tho  foOLlovingt  adUlruthorford  Card,'  10-‘3rd) 
and  adorcratborford  jsunl,  10"^),  it  tho  prosost  tjimo,  tho  ruthor- 
forii  is  an  outdatod  unit, 

?br  tho  ptoposo  of  noasuring  spooifio  aotlTitgr  the  folXovlng 
units  am  utlliaodt  tho  curio  par  liter  (eurioA)*  m^icurio  por 
liter,  miorocurlo  por  liter,  ourlo  por  kilogram,  ailliourio  per  kilo¬ 
gram,  aioroourio  por  gram. 

Conoontratlon  of  radioaotiiro  agottto  in  a  fluid  or  ims  is  0!U8-> 
toaurily  aoasurod  in  ooams  (C).  One  omim  omoonts  to  10*^^  ourlo  por 
liter  of  fluid  or  gas  eurio  nor  litmr}.  The  Maeno  unxi  mseoiiro 

to  .3«64  omens  or  3.64*10~i0  pttt  litor. 

The  (piantitgr  of  radloaotlro  etrontiam  (ostimated  bif  its  radio- 
aottvitjr),  mfjerrod  to  a  gram  of  oiahlo  ooleium,  baa  tho  samp  of  tho 
strentiw  unit  (sunshino).  Ono  ttumhino  oqualo  1  mieromioroeurio 
(or  pieeeurie,  ourie)  of  rodloaetiuo  strontium  por  gram  of 
stablo  ooloiun.  This  figum  is  oaoeuntirod  in  ths  litoratum  for  tho 
assi/  of  tho  fallout  ridioaotivitp'  of  fisslow  predusts  (after  atomic 
bomb  oaqplosicna)  on  tho  gmund  (aoo  alao  Doaoo  of  loniaing  Xadiatioa}. 

Aooording  to  tho  Q08T  tho  radium  nilligrom  oquimlmet  (ng-o^)— 
tho  gasma-oquivalont  of  a  radioa^vo  propomtlco  nhoao  gmwm  rodia- 
tioA  uhdor  a  given  tgn;>o  of  filtration  and  undor  idontioal  aoasuromont 
ooniitiona  oroatoe  tho  aaao  doao  intonaitgr  as  goMa-radiatlon  of  1 
nilLlgran  of  radium  of  tho  radiuu  dtato  standard  of  the  USSR  for  a 
platinum  filtor  0.5  milliaotor  thiok—  is  taken  as  ths  radlma  goam- 
oquivalent  unit  of  a  radioaotivo  propamtion.  It  has  baon  aoooptod 
1  milligram  of  radium  at  a  dlstanee  of  1  oentiaotor  from  a 
0.5  miUlaotor  thick  platinum  filtor  oroates  8,4  r  por  hour.  For  tho 
purposo  of  oharaotorizing  tho  aoureos  of  gaama-rodiatlon,  partlouler- 
ly  thoso  ttsod  in  tologommathomior,  tho  Intonsity  of  tho  doso  oroatod 
by  1  eurio  of  tho  proparation  por  hour  at  a  dlstanoo  of  1  motor  is 
used.  This  index  is  doslgnatod  by  tho  abtamviation  rtaa.  Ono  ourlo  of 
radium  (0.5  mUllaotors  of^atixxaa  filtor'  oroatos  0.84  rbn{  1  ourlo 
of  radioaotivo  cobalt  (Co^  oroatos  1.3v>  rhmt  1  curio  of  radioaotivo 
oeslm  (Cs^37)  oroatos  0.36  rbm;  1  ourio  of  radioaotivo  tantalum 
(^182)  oroatos  0,61  xtat  1  eurio  of  radioaotlve  gbld  (Att^98)  oroatos 
0.22  rhm(  1  curio  of  radioaotivo  iodine  (1^31)  eroatos  0.2lf  rhm.  In 
clinical  praotieo,  for  the  puzposo  of  ostimating  dosoo  oroatod  in  a 
room  by  gamna-radlatlon  from  preparations  taken  by  mouth  it  is  also 
j  inportanb  to  know  this  index.  , 

The  gaama-oonstairt  of  a  radioaotivo  isotope  is  tho  foUovrlngi  | 
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ftht  iniiosltgr  of  tho  rodiatlon  dot*  ooqpirMMd  in  ro«atg«ns  p«r  hour  ^ 
irfhvsat),  oTMtod  g«aufc>raidi«tio&  of  a  polxtt  tooro*  vith  aa  aotiv- 
ity  of  1  aUIioaria  at  a  diatanoa  of  1  oasiuMUr. 

On  tha  baaia  of  a  oo^parison  of  tha  gaaaa-oanataata  it  la  poa- 
aiblo  to  afrivo  at  an  aoqpraaaion  of  tha  aetivit^’  of  a  radioaotiva  prop- 
aration  in  radiua  adlliffraai-aq^lxraiaB^  toalta.  lSma»  for  aoci^plat  X 
aiXlioorla  of  Ce^O  la  aqpal  to  X.d  aiSlXlira»-aqEaivalanta  of  radiun. 

For  tha  putpoaa  of  ooapwrlng  tha  affaetivanaea  of  lita  doaaa  of 
ionlxlng  radiation  abaorbad  and  ahloh  haaa  baan  tmifliittad  to  a  aab« 
atanoa  bf  diffaarant  aathoda,  tha  eonaapt  of  raXativa  blologioal  af* 
faotivaoaaa  ia  uaad  (abbraviatad  BBI).  Tha  ralatlva  biologleal  af» 
faotlraoaaa  of  a>radiatlon  prodooad  at  an.  anargy  of  250  kr  la  takan  aa 
tha  unit  of  raXativa  biOlogiBal  affaotivanaaa.  Tha  blolegioaX  affaot* 
ivanasa  of  angr  tjpa  of  radiation  dapaoda  on  aanor  faotora*  Tharafora, 
tha  raiati^  bloiofioal  affaotivanaaa  eannot  ba  aoqpraaaad  in  a  ganaral 
fww  w7  a  singlo  sdeffisio!::±  asd  in  aooordanea  vith  a  aoltitoda 

of  faotora^  auoh  aa  tha  t^pa  and  dagraa  of  tha  blOXogioal  raaetlon 
(and,  tharafora,  tha  nagnitoda  of  tha  doaa  abaorbad),  tha  intamitgr  of 
tha  abaorb^,  tha  fi^aetionaticn  of  ^ha  IrradlAtion,  tha  la^  of 
oxygan  saturation,  tha  pR  and  ta^paratora,  l^a  raXattva  blologioal 
affaotivanaaa  of  aaor  tgrpa  of  radiation  oannot  ba  unlfoznljr  ralatad  to 
tha  natura  of  tha  partiolaa  (protooa,  alpha  partiolaa  or  othara)  with* 
out  ragard  for  thair  imargiaa.  It  la  a«da  olair  iron  tha  ratio  of  tha 
speoiflo  loniaatioR  oraatad  bgr  tha  radiation  baing  ooaparad  to  tha 
spaoiflo  loniaation  oraatad  »*radlation  produoad  at  an  anargy  of 
250  kv  (vhitd^  la  oonaidarad,  on_tha  avaeragt,  to  ba.  100  ion  pa^a  par 
laleron  of  watar),  or  is' charaotariaad  bsr  ISL  ‘  of  3*5  kav/aioron 
(saa  Proton  Radiation)  /DSL,  randarod  UPB  In  Ruaalan,  aeana  linear 
energy  loaaeisj 

It  hM  baan  aeeaptad  that  x-radiatlon  and  ^aetaym  and  positron 
fluxae  of  any  anarglaa  have  tha  atm  ooaffloionta  of  xraXativa  biQlogl» 
cal  affaotivanaaa.  With  consideration  of  tha  dafaets  1»  tha  datam^* 
ation  of  tha  naagnitudaa  of  the  relativa  blologioal  affeotlvanaaa,  in* 
herant  in  tha  rab  unit  also  (saa  bdloif),  it  is  raeomaendad  that  thalr 
use  ba  llnltad  to  situatlona  parUitvlng  to  protaetion  against  radia*^ 
tion. 

Tha  Roantgan  Squlvalant  Blologioal  (rab,  rw.))  an  Ri3S*4osa  imlt 
eM^ual  to  tha  product  of  tha  dosa  axpr^ssad  in  rads  and  the  oorraepoad* 
lag  value  of  the  BBS  pasrtainlng  to  a  given  j&anif  astation  of  tiis  real* 
ation  offset.  According  to  the  racocu«adation  of  tha  ICRU, 
ion  or  gaona*radiation  (with  a  dose  intensity  of  about  10  rads  par 
ninute),  at  which  tlia  value  of  tha  ]LBE  is  aq^  tc  3  kav  /aioron, 
servos  as  the  8tan<imi  of  oonqtarloou. 

la.  tha  racenoondatlons  of  tha  Intamatloml  Conaisalon  for  Ra- 
I  diologioal  Protection  (1955)  the  following  definition  is  given  i  the  . 
I  absorbed  dosa  of  acy  radiation  which  oausas  tha  sane  biological  affect  | 


F  «s  1  rad  of  x-radiation  acting  on  the  saAa  area  and  possoaaing  an  av'^ 
©rage  ^cifio  loniaation  of  100  ion  pairs  per  nslcaron  of  wat«p,  ref«p- 
rsd  to  an  equivalent  pathway  in  air  is  taken  as  1  reb.  The  dose  in 
reb  units  is  equal  to  the  dose  in  anads  multiplied  by  the  appropriate 
RBE  ooeffioient. 

At  the  present  tine,  the  followin'!  vinitB  are  only  of  historie 
interest. 

The  **©«  (Friedrich)  dose  unit  of  x-radlation.  His  conolusion 
was  based  on  the  ionization  effect  without  oonsideration  of  attnospher- 
io  pressxire,  temperature  or  the  effect  of  the  walls  of  the  ehamber^ 
which  excluded  accurate  reproducibility  of  this  unit.  Therefore,  the 
readings  expressed  in  "on  units  were  unreliable.  According  to  KrSnlg 
and  Friedrich,  the  erythema  dose  was  considered  to  be  1?0  "e**. 

The  R  dose  mdt  of  x-radiatlon  used  in  Qeonnany  since  1924 
(Kiistnar,  33ehnken)  applied  to  air  at  a  t^Tjperat’W'e  o?  180  and  a  pres¬ 
sure  of  7^0  nilltsistsrc  of  asreuxy  and,  thsrafors,  is  sesuSmiit  graat- 
er  than  the  international  roen^«i  unit  (1  Rwl.Oddr),  It  has  gone 
out  of  use  since  the  Izxtroduotion  of  the  roentgen  (1928), 

The  R  dose  unit  of  x-radiatlon  used  in  France  (Solomon)  was  de¬ 
fined  as  the  ionization  created  by  1  gran  of  radium  per  second  at  a 
distaade  of  2  centimeters  fron  the  obanber  whcNn  a  filter  of  0.5  r;iilli- 
meter  of  platlnuB  is  used}  it  depsnded  on  the  shape  of  the  radium 
preparation,  the  effect  of  the  walls  of  the  chamber  and  ethers.  One 
Behikcn  R  unit  is  equal  to  2.25  Solomon  R  units. 

The  F  FUrstemu  dose  unit  of  x-radlation  was  based  on  the  change 
in  the  conduction  of  selenium  under  the  Influence  of  In'adiation,  De¬ 
pending  on  the  energy,  1  ?  is  equal  to  appro3!±ttately  1-4  r. 

The  X  dose  unit  of  x-radiation  (Kiwbock,  1913)  was  based  on 
the  degree  of  blackening  of  a  chlorobroaida  gelatJji  emulsion  applied 
to  a  strip  of  paper  after  appropriate  treatment  of  it  (after  Irradia¬ 
tion)  and  con^arison  witli  the  standard  scale  of  the  KienbBck  qiianti- 
ineter.  Tne  measurement  iji  X  units  was  associated  with  numerous  de¬ 
fects  (variations  of  the  readings  depending  on  the  processing  condi¬ 
tions  and  individual  estimation  of  the  degree  of  blackening  and  others). 
One  X  is  a.pproxiriw.tely  a^iual  to  f-H  or  1/10  SD  of  soft  x-radiation  or 
25  r  of  har-8  radiation, 

'Hie  S-H  (Salxt'oraud,  iJoire)  dose  uatit  of  x-radiation  was  based 
on  the  decree  of  change  in  the  color  of  a  tablet  containing  barium 
pLatinooyanide  (the  double  salt  of  bariuia  cyanide  and  platinui'a)  under 
the  influence  of  irradiation  toward  a  si'iade  which  corresponded  to  that 
produced  by  the  erytlma  dose,  tiiat  is,  to  a  reaction  occurring  after 
10-15  days  in  the  form  of  a  slight  erythema  (ED),  Along  witli  its 
other  defects  (see  the  ccmiment  about  the  X  unit)  the  S-i:  unit  was  un- 
suidvabls  for  es'tiaiatiiig  doses  loss  thasi  that  which  caused  eryti^oma, 

I  On©  3-iI  corresponds  approxHjnately  to  250  r  of  hard  x-radiation. 

1  For  'fclio  purpose  of  repreduoing  identical  irradiation  conditions 


MM*  ^  mum 

itha  unit  fkln  dont.  HID  (BiutiKytlMMtoidU  or  ItaitliihoitodDsis}  woo  f 
latrodueod  (Soito  tad  Wlato*  1920)t  tho  BB>  ii  tho  (tunntit^  of  hard  »• 
rodiatiott,  iddoh  aftor  a  alagU  Irradtatiicin  of  aa  aria  of  alda  6x6 
eoBtiaetara  with  an  FSD  of  Q  oaotiaataraf  oauaoa  a  alight  acrUMaa  of 
tho  akin  aftar  a  waak,  a  broinlih  oolatr  af  It  aftar  tfaroo  voakSi  and 
a  doflnlto  brawl  oolor,  aftar  aix  naaka. 

Dapondlag  on  viriatlaiia  la  tho  Mdiaaonaitivil^^  of  tho  akin  in 
dlffarent  aohjoeta  (tho  affiot  of  laMMdual  saaaitivltgr,  aox*  ago, 
dlfforant  oonditSona)  and  of  tho  titia  la  ita  diffarant  araaa,  thara 
Mgr  bo  varhationa  of  10>15  par  oant.  Ilia  aubjaotiva  aatiaation  of  tho 
raaetlon  alao  haa  an  lafluanaa  aa  thaaa  varlatlona*  iooording  to  aah* 
aaquaat  aaaauraaanta  (Qrabo,  Kartiaa,  192h),  1  HIMOOr  of  hard  x- 
radiation. 

Tha  H  (Badaknoaht)  d»ao  ladt  af  Modiaiioo  aaa  baaod  on  ths 
dogroo  of  ttango  ih  tha  oolor  of  tafelata  of  tha  labouraud  and  lolra 
naana  of  tha  Helaknaohi  ahreaaoridiMiatori  it  ms  possihlo 
to  lift  a  nnA*»  TgCi  M-widsiw  BIU* 

tlploa  of  tha  unit  akiii  doaa,  R9). 

Moaauiwunta  in  E  unlta  vara  tmf  oowioa  bofhra  tha  baginnlag 
of  tho  1930* a.  Tharaeor,  in  tha  praotieo  of  xHragr  thwrapgr,  it  aaa 
ouatomry  to  ioqpraaa  radiatiwi  daaaa  in  fTaotlena  of  tha  HB>  by  naana 
of  tho  H  units  iHID  (6B){  l/jBM  (4H},  at  ootaro. 

lha  ralatiotta  for  tha  parpoaa  af  attraaolng  tha  dooo  of  hard 
x-radiation  in  por  oant  of  tha  no  by  naana  of  tho  R  unit  arb  shsas 
in  Tablo  1« 

In  tha  eaao  of  hard  x-radiatitm  IH  la  aqual  to  wiproxiHataiy 

50r. 

In  tha  aarly  publloationa,  tha  oonoapta  "aiythww  dost*  (D) 
or  *noznal  doaa*  (lfl9;  iroro  alao  anoounUrad.  Sy  naana  of  thoao  unite 
a  dofinition  «aa  giran  to  tha  guantitgr  of  »>radlation  of  nadiun  hard^ 
naaa  anittad  by  aa  ion-aooalarating  tubo  ahioh  aftar  agprozinataly  too 
waaks  produoad  a  aliid^t  arythana  on  tha  aklA  of  tha  hands.  Ona  ID  ia 
approyinataay  aqual  to  WOr, 

Tha  ralationahip  botuaan  tha  doaa  and  tha  arythaiaa  affaot  un- 
dar  othanriao  aqual  eonditiona  ia  aaaeolatad  with  tha  oharaotoriartlea 
of  tha  spatial  distribution  of  radiation,  lharofera,  dfl{>andiag  on  tha 
voltage  at  idxloh  tha  x-rays  art  produoad  arythana  ean  be  eausad  by  ir¬ 
radiation  in  dosaa  fron  200r  (vary  aofb  radiation)  to  1300r  (vaoty  ha:^ 
radiation  obtainad  iron  voltagaa  of  2-3ltov).  Vhan  x-radiation  ob¬ 
tained  on  batatrons  and  linaar  aooilaratori  at  h-3aiav  i.«  usad  in 
thar^Kmtio  praotioa,  tha  akin  raaotion  oannot  aarve  fn  aatinatlng 
tha  dagraa  of  tha  radiation  affaot. 

As  a  oritarion  for  dafining  tha  doaa  of  »>radiation  praviotui^ly 
a  biologioal  unit  sias  also  usad  vhich  vas  givan  tha  nans  of  tha  "api- 
t  latiott  dose.*  It  was  aqual  to  tha  doaa  of  radiation  suffloiant  to 
ioauaa  loss  ofhatr  of  tho  aoalp  (without  an  infLaanatozy  raaotion)  ia  a 
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*Ogptad^  on  n  nafear  of  oondiUotts  (•••  HD)  100^  103)  bo 
•jqproatod  bgr  1.  in  2.  in  rovpd  figuroo. 


ohlld  10-15  jroaro  or  ago  IMO  WMkf  nttcr  tlM  orroot  or  a-njrA  auMim 
hnrdnoM.  Tho  opilntlon  dooo  tma  oatiMtod  to  bo  3*5-4»(H!  or  8X  to- 
cording  to  tho  ditto  of  ooloriaetqr  osad  ^otoaotzy* 

Tho  dooo  of  x-rodiotlon  nhioh  ototod  dooth  of  tU  20  irradiotod 
Bioo  in  four  vooka  wta  otllod  tho  aonso  doao*  This  dost  wia  propoaod 
08  o  biologiool  unit  for  ohorootarioiac  tte  dogroo  of  tho  rodiotino 
offoct,  Tho  sjsuse  doae  nns  oonaidared  25-3Q2U  It  eorrosponds  t© 
oono^  of  tho  niniWiw  oboolutOly  lothol  deao  oftar  on  obsorvotion  per¬ 
iod  of  30  days  (MALDj_oo/3o)» 

Tho  dose  of  x>roCution  nooosaozy  to  ohaok  the  growth  of  tho 
rootlets  (or  shoots)  of  tho  boraoboon  (Vioio  fobo  equina)  was  eallod 
tho  "bean"  dose*  Iho  radintion  offoot  of  tho  bean  doso  was  estiaatod 
bgr  the  lengths  of  tho  shouldars  of  tho  roots  and  tho  degree  of  growth 
inhibition  of  tho  branoh  rootlets  of  aiao-oigbt  beans  aoistoned  for  48 
hours  and  then  eaqposod  to  irradiation.  The  full  bean  dose  was  equal 
60  per  oont  of  tho  KD. 

In  rmdiology,  as  in  other  fields  of  solsnoo  end  onginooring,  . 
preflxss  are  used  for  foxving  ffaotional  or  multiplo  units  (Table  2). 

See  also  Bam,  Qanaa-rays,  Oaaaaa-eonstant,  Doslaotry,  Doses  of 
Ionising  Radiation,  Curio,  Neutron  Radiatim,  Radioactivity,  Radlobl- 
ologjr,  Rad,  Radioaotiy,  Roentgen,  Roantgen  Raya.. 
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M«dlo«l  JUidlology 


K®di<Mil  radiology  ^fron  th«  tatin  mdlua— ray,  and.Qraak 
logo8->study  of)  l8  the  selenoe  of  application  of  ionising  radiation 
to  nedicine  ^aee  lonitlng  Radiation).  Kedioal  radiology  ooabinea 
a  number  of  independent  medical  dieoiplinea  and  trends,  including i 
roentgenology  fq.v.),  medical  x^diobiology  clinical  radiology 

(radiation  therapy  (see  euriitherapy,  x>ray  thera^).  x-ray  diagnosis 
tracer  diagnosis  (q.v.),  clinical  aspectsand  treatment  of 
radiation  injuries  t'see  Radiation  Sickness),  radiation  biochemistry 
and  radiation  microbiology  (see  Radiobiology),  radiation  hygiene  (q.x.), 
the  theory  and  organisation  of  antiradiatlon  protection  (q.v.). 

Radiology  (me  mean  also  medical  radiology  here)  traces  its 
beginning  to  the  time  of  demonstration  of  the  properties  of  the  near 
rays  by  W,  X.  Roentgen  at  the  lufuiaburg  Society  of  Natural  Scientists 
and  Physicians  (1896),  at  mhidh  time  their  importance  for  the  diagnosis 


if  uleease  was  immediate iv  determined.  Shrvnt.iy  after  (I896)  the  basis  of 
x-ray  therapy  and  radiobiology  was  laid.  With  the  discovery  of  radium 
in  1989  and  the  elucidation  of  the  biological  activity  of  its  radiation 
the  therapeutic  utilisation  of  preparations  of  this  radioactive  element 

was  begun. 

For  forty  veers  progress  in  radiobiology  was  made  chiefly  in 
connection  with  the  demands  of  radiation  therapy.  After  the  discovery 
of  artificial  radioactivity  and  with  the  production  of  artificial 
radioactive  agents  the  limits  of  radiology  were  expanded.  With  the 
use  of  radioactive  phosphorus  (p32)  for  the  treatment  of  leukoses  and 
polycythemia  '^^37)  and  subsequently,  radioactive  cobalt  LQo^^),  sodium 
(Na2^).  iodine  (1^3^),  strontium  ^SrS^,  Sr90),  yttrium  (7^),  gold 
(Au^*^®)  and  others  new  methods  of  cur/Otherapy  appeared,  and  radio¬ 
isotopic  diagnosis  was  born.  Kass  injury  to  people  from  the  atom 
bomb  explosions  in  the  Japanese  cities  of  Hiroshima  and  Nagasaki  (1945) 
Increased  attention  and  Interest  in  the  problem  of  the  biological  effect 
of  radiation  and  gave  a  particular  direction  to  radiobiology.  The. 
signifioance  of  radiobiology  was  further  increased  with  the  develoixaent 
of  the  atomic  industry  and  the  utilltation  of  radioactive  isotopes  and 
emanations  in  various  branches  of  the  national  economy.  In  turn,  the 
expansion  of  the  technical  basis  and  of  knowledge  opened  up  new  pathways 
in  radiology.  Specifically,  this  applies  to  the  use  of  various  particle 
accelerators  (see  Betatron,  Charged  Particle  Accelerators)  and  preparations 
with  radioactive  isotopes  for  purposes  of  treatment  and  diagnosis.  The 
utilisation  of  new  types  of  radiation  (neutron,  proton  and  braking 
high-energy  radiation  /bremsstrahlung/*  »nd  high-energy  electronic 
radiation)  advanced  new  radiobiological  problems  and  primarily  the  problem 
of  the  relative  biological  effectiveness  of  vairlous  types  of  radiation. 
Problems  of  radiobiology  were  expanded  even  further  in  connection  with 
the  attainments  of  cosmonautics  and  the  creation  of  a  new  branch  of 
medical  science,  space  medicine. 

Two  oeriods  can  be  seen  in  the  development  of  radiology* 
the  first,  whibh  lasted  about  forty  i^/ears  and  is  characterised  by 


66 


the  devalcTJweint ,  teohiv’ical  and  aiothodc'leglc&l  Mster/  of  x-^a'v  din.gno'sii!? , 
x-ray  and  curiatharapy ,  accumulation  and  pvstematiaatlon  of  fs.ctA’«.l  material 
and  th«  dovcloi>w0nt  of  the  thooretioal  prlnciplea  In  these  fields  as  wall 
as  In  radioblol.og,,-,  mini'/  considering  the  prohlsms  of  radiation  tberap>-? 
the  areaoad,  later  'oeriod,  diffitingwlahtfd  prlffiarily  bj  the  ejrtcneion  of 
the  boundaries  of  the  various  discipliries  comprising  radiology  which  had 
alre&rfv  been  ci’eated.  This  extension  is  associated  wi,th  th®  appataranct 
and  utili«ation  o.f  new  tvpos  of  radiation  iJ.nd  rsuft&rous  artificial  radio¬ 
active  isotopes  s  which  sithor  raquirod  study  frotu  a  radiobiolcgical  aBf.«ct 
or  posed  clinical  problcws ,  finding  progressively  greater  ollnloal  ajjpli- 
cation.  The  s&oortc  period  of  medicni  radiology  Is  distinguished  by  the- 
ifnproveaent  of  the  qaaniitati  ve  chai'acteiPtstics  of  radiation;  this  api-lxes 
particularly  to  tho  study  of  tho  biological  effect  of  radijition  on  the 
bajrT.a  of  an  accurate  dose  estimtton  of  the  radiation  effect  as  well  as 
to  the  field  of  diagJ>-3tic  and  therapeutic  utilisation  of  radiation  with 
coxisideration  of  the  magnitude  of  the  affect  and  the  eharact^eri sties  of 
the  soatial  rii.^tribution  of  radiation  In  the  organa  and  tjai5<uns  of 

The  deve* j 0P!'5»T!t  of  radiology  ia  t>eln£  sccnwri ^ rho.-f  t.'-a  tatls 
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pathcj'ohva-iftlcgv,  bioohsKlstry,  mieroti^lcgr.  clinical  a'Oaic.ine  hygiene, 
iiadiology  utilises  factual  material,  the  pidnciuler  and  the  i?;ethod&' 

•which  these  aiisci p'iin&ff  'ji«ve  at  their  <fi9posal.  ^t  ?,be  sase  t’i/t© 
t)ie  prinnip'^es  worked  out  in  the  field  of  rad’iology  s-nd  the  methods 

tfh'ich  medical  radiologv  -is  developing  are  U'lllised  widely  i'n  the  va'^ioua 
diifisloriS  of  medical  science-  Thus,  radioisotoi^e  analysis  has  ooened  up 
■ncH  I'xjssibili'tirs  for  gaining  knowledge  of  the  rt;les  a'ix)  regulations  of 
en i'.r^jnce  and  dlstrihut-ion  of  vai*iou.s  agents  in  the  body  and  excretion  of 
them  ■‘'row  the  bodv,  -wh! oh  has  found  consioerabl"'  appli’Cat’ion  In  bioohemisti'y,'. 
oharmacolof^'  and  clinical  tnedielm;.  Neutron  ac'tivaticn  analysis,  autoradio¬ 
graphy,  .and  P'^icroroer.'tgonogi'&phy  have  extended  the  boundaries  of  the  study 
o'.'  tlssu^’  sti’xinturca .  Radiol og5.e.al  isethods  liave  enriched  picrobiology  and 
ganc  tics . 

The  .;ye  of  ionizi-ag  'r-adiatior  in  medicine  pr.tor  to  the 
October  Revolution  in  Russia  de'veloped  slp-wly  because  of  the  technical 
backwardness  ■to  which  ••tsarism  had  doomed  the  count.ry.  the  saise  time, 
Rus.9ian  scientiata  bad .  since  the  f -iret  few  years  of  util-l?&tiau  of 
x-ra:^rE  and  r&dinn  ew.^natio'ns ,  intensively  workud  out  problems)  of  .radio¬ 
logy  based  o.n  'the  glorious  traditions  of  Rtsssian  'aedical  seianc..;.  Note- 
■!«rthy  st'ud-le>s  .for  finding  oi;t  various  £.«.pa?cts  of  the  effeerts  o.f  the 
now  Xvp&ft  of  radiation  were  made  by  I.  R,  Tarkhanov,  Ye,  Q.  London,  T. 
Shukovskiv,  S-  G,  Zaretskiy,  S.  V.  nol’dfcarg,  N.  L,  Gorovit<f"-VU.':jova 
and  others  in  the  .first  few  vears  af^fcer  the  discovery  of  x-rays  6:.kv.,' 
and  radioactivit-"-  (q.v.),  Tj;-es»  studies,  mado  first  at  the  chaif? 
of  tho  IMlitary  I.'edlcal  Academ*  and  .at  tte  Ir.stitute  of  Sxperiment^jl 
Nadicine,  were  subsequently  devaloped  in  othi&r  sciantdfic  center.'?  of  the 
country.  Progtvuss  In  Russian  radiology,  wad®  evao  in  the  &tudi®«  of 
the  initial  'period,  ms  oart-icularly  great  in  th®  field  o.t'  flv.-d’n.t 
the  I'jh’o-siologic-a.:.  reactions  to  the  radiation  effect. 

The  development  of  radiology  .in  t,ne  USSR  was  atn^cciated 
with  tho  surmounting  of  the  techi’ieal  backwardness,  the  creation  and 
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equipping  of  radiological  cantors  and  a  netvork  of  opeclaliased  insti- 
tuions  in  the  country  after  the  revolutionary  changes. 

In  the  USSR  the  development  of  radiology  has  been  assured 
bv  State  plannini^,  extensive  assignation  of  means  and  supervision 
by  the  Academy  of  Sciences  USSR,  Academy  of  Medical  Sciences  USSR, 
the  ministries  of  health  of  the  USSR  and  the  union  republics,  the  Cowmittee 
of  ''edioal  Radiology  as  well  as  the  inr„uence  of  scientific  roentgenological 
and  radiological  societies  headed  by  the  All-Union  Society. 

The  devslcpment  of  radiology  in  the  Soviet  Union  is  directed 
by  the  scientific  and  scientific-organisational  activity  of  special 
scientific  research  institutions  of  the  USSR,  particularly  by  the 
Institute  of  Roentgenology  and  Radiology  in  Leningrad  (now,  the  Central 
Institute  of  Medical  P-adlelogy  of  the  Kinlstry  of  Health  USSR) ,  founded 
bv  a  group  of  scientists  headed  by  K.  I.  Nemenov  ^q.v.)  in  1<518  and 
integrating  within  its  walls  the  aetivlty  of  the  greatest  physiologists, 
oathologists ,  working  on  problems  of  radiobiology,  as  well  as  scientists 
in  the  field  of  roentgenology. 

A  great  part  in  the  development  of  radiolorv  is  nlaved  bv  the 
Institute  of  Roentgenology  and  Radiology  in  Moscow,  created  bv  P.  P. 

Lasarev  fq.v.)  in  1^24.  The  work  of  this  institution  created  tba  basis 
for  the  dsvelopaisrit  of  x-rav  medical  technique  in  the  USSR  and  is 
making  an  essential  contribution  to  progress  in  x-ray  diagnosis,  roentgeno¬ 
therapy  and  curietherapy.  In  the  construction  of  the  Institute  of 

Medical  Radiology  of  the  Academy  of  Kedieal  Sciences  USSR  was  begun. 

Along  with  thsos  institutions, the  Institute  of  Radiation  Hygiene  t Lenin¬ 
grad)  ,  the  Institute  of  Labor  Hygiene  and  Occupational  Diseases  CKoscow) 
the  Khar’kov  Institute  of  Medical  Radiology,  the  Kiev  Institute  iweni 

A.  A.  3ogoiiiolets ,  the  U'trainian  Rcentgeno-Radiologlcal  and  Oncological 
Institute,  chairs  of  roentgenology  and  radiology  of  InsWtutec  for 
the  advanced  training  of  physicians  and  medical  Institutes  are  working 
on  the  aol.ution  of  radiological  problems.  The  development  of  radiology 
in  the  USSR  is  based  to  a  considerable  degree  also  on  reeearch  and 
organisational  work  of  oncological  institutions,  particularly  the 
Institute  of  Oncology  of  the  Academy  of  lledical  Sciences  (Leningrad) 
and  the  State  Oncologioal  Institute  imeni  P.  A.  Gertsen  ^Moscow). 

The  achievements  of  radio 10j;y  in  the  USSR  are  associated 
with  the  work  of  many  eminent  men  of  Soviet  roentgenology,  rsdiobiology 
and  other  radiation  disoiollnes,  vho  have  made  an  essential  contribution 
to  this  field  of  medioal  science  as  well  as  to  medical  practice.  In 
the  field  of  clinical  radiology  the  following  representatives  of  Russian 
and  Soviet  radiology  have  been  pioneers  in  a  number  of  divisions  and 
have  led  various  trends  or  foxinded  chairs;  3.  R.  Frenkel*  (q.v.),  who 
founded  the  chair  of  roentgenology  of  tV<e  First  Moscow  Medical  Institute 
and  who  contributed  to  the  develoomont  of  radiation  therapy  in  oncology; 

B.  A.  Arkhangel'skiv  (q.v.),  who  developed  the  use  of  radiation  in  obstet¬ 
rics  and  gynecology;  F.  S.  Grosman,  w>x)  left  his  mark  on  the  field  of 
development  of  curietherapy;  L.  Gol'st  ^q.v.),  the  founder  of  the 
chair  of  rcentijenolog"''  of  the  Central  Institute  of  Advanced  Training  of 
Physicians;  0.  C.  Den,  pioneer  of  the  Leningrad  school  of  roentgenologists ; 
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ShtftMi  'Saratov,',  well  knowri  soeclif^ cf.llv  I'or  bis  wonograph  on 
TO'lmonar'''  eohinocooeoFis ;  the  l-'oscow  roentgenolcfiats  A.  V. 

A-’nsenshte^n.srid  A.  A.  Tsie'rkj. in,  the  founders  of  chairs  of  roentpenologv 
at  the  Second  and  Third  Moscow  medical  institutes;  ’'a,  0,  Di/ilon,  awarded 
the  State  Prl?,e  of  the  USSR  for  the  method  of  ’-oentgenctherarv  of  cancer 
cf  ttw!  lung  which  h®  rrcoosed;  ?•!.  I.  Karlin,  one  of  the  first  x-rav 
therapists;  A.  Ke.  ProKorev  'q.v.),  we^l  'cnown  for  investigations  in 
the  field  of  x-ray  diagnosis  of  tuberculosis;  L.  D,  Podl vashuK ,  the  author 
of  radiobiological  studies  and  a  textbook  on  x-ray  therapy;  G.  I,  Khar- 
Kandar’:.>an,  who  founded  the  Khar’kov  Institute  of  Roentgenology  and 
Radiology  ''now,  the  Institute  of  iJiedi.cal  Radiology)  atjd  who  united  a 
numbpr  of  eK^irient  representatAVOE  of  rii'’iolog''r  (arsong  them;  I.  G.  SMifer 
fq.v,),  B.  <,  Pozentsveyg.  A.  L,  Xhalinskiv  and  others);  N,  N.  Isachenko, 
founder  of  the  chair  of  roerttgervology  of  the  Odessa  iledical  Institute; 

I.  K,  Gol’dshtayn  and  D.  S,  Lindenbraten .  who  made  contributions  to 
clinical  radiologv  and  radiobiolopv.  Among  the  leading  repi’esentatives 
of  clinical  radiology,  who  contirr.od  the  work  of  de%’fi>loping  this  disoip- 
'Iji'ifi  ws«  3.  A.  Fcfrjoharo-  (o.v,).  fmerxier  of  ffie  first  Soviet  ciiSir  in 


the  Leningrad  State  Institute  for  Specialization  and  AdA'ar.cod  Training 
of  Phy.iiic vans  and  of  &  school  of  roentgenologists,  the  author  cf  well- 
knotm  textbooks  on  roentgeriology;  D,  G.  Eokhlin  (q.v.),  who 
c-hair  of  the  fijuit  leningrad  Feiiical  Insituts,  the  oraator 
roenT.f:eno-anthJ.'opologic!al  trend;  I.  L.  Tsger  <q.v.. ),  the  at.thc-r 
crlgiiial  studies,  particularly  in  the  field  of  gasstrointei-tina'  rathoV 


headed  the 
of  a 


director  of  the  chair  at  trie  Central  Institute  for  Advancrc’  Training 


of  PhA^eicians ;  a.  FanardzhA'an  'q.v.),  director  of  the  Ar-menian 
Institute  of  Eoentgenologv  and  Radiology;  G.  A.  Zedgenidzo  'q.v,'. 
author  of  a  number  of  monographs;  ’^'u.  R.  Sokolov,  director  cf  chair 
at  Central  Institute  for  the  Advanced  Training  of  Ph"aiclans,  author  c 
original  investigations;  S.  A  Pokrovskiy,  author  of  a  monogra^'h  on 
bone  lesions;  S.  A,  Panov,  who  made  a  contribution  to  the  devel crxnent 


of  roentgenolo.yy  in  pediatrics;  I,  V,  Pomel'tsev,  eminent  pbthisiatric 
roentgenologist;  A,  V,  koslova,  well  known  specialist  in  the  field  of 
curietherapy;  V.  A.  D  yachenko.  who  heads  th>;-  c^air  of  tne  Geoond 
Moscow  Medical  Institute;  I.  A,  Shekh+er,  director  oi  the  chair  cf 
th<i  Koscow  i'edioal  Stomatological  Institute;  C.F.  Kazari'shvili — 
leading;  roentgenologist  of  Georgia,  director  cf  the  Georgian  Institute 
of  Roentgc-nolcgv  and  Radiology;  A. A.  Lemberg,  who  heads  the  chair  of 
the  Khar’kov  Institute  for  the  Advanced  Training  of  Pdiysiclans;  I. 
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T,3guriova.  dtrseter  c"'  the  Institute  of  Roentgenol og"  and  Radiology  RSFSR, 
autVior  of  monogrEphns  on  bone  nathology.  One  of  the  eldest  s,oeoiaIlst3 
in  radiologv  is  head  of  the  chair  of  rosntgenologv  of  the  Stanislav 
i  edical  Institute,  K.  K,  Afanaa’yev.  ''a.  D.  Dubc^wv,  who  heads  the 
chair  of  ronntgenolojr-’  and  radiclogy  of  the  Dd.issa  ;'8dical  Institute 
IS  the  author  of  rionof-ratihs  on  radiation  thertpv  and  the  use  of 
radioactive  isotopes;  n.  ''opyrlov,  P.  K.  Aflgauaen,  ’''a.  I.  C-evriisraan 
are  well  known  for  studies  in  the  Field  of  neuror-oentgenol ogv;  i.  I. 
Dombrovskiv  hvadr  the  chair  cf  I'oentgenologv  of  Rostov  ?!«dical  Institute. 
Eminent  roentgenologists  wnc  are  at  the  heads  c.f  chairs,  professors  in 


ohairs  and  diraotora  of  aeiantifio  reatiairdh  inati^tutlonii  art  B,  K, 
Varfhavakiy,  R.  Ya.  Oasul* ,  V.  Q.  Qineburg,  Ya.  I,  Qayniaaian,  M.  1. 
Qol*dshteyn»  A.  V,  Origor'yata,  V.  V,  Zodiyav,  A.  V»  Rantln,  N*S. 
Koalnakaya,  A.  P.  Ltaarava^  L.  D.  tindanbratan.  M,  Ya»  Manikov.  B.  0. 
Kikhaylovskly,  M,  M,  MikhayloT,  V.  K*  Modaator,  K.  P.  Molokancv,  V,  I. 
Patirov,  L.  8.  Rosenahtraukh*  A.  I.  Rudetwari,  K.  Xh.  PayaullR,  V»  Ya. 
SVidkin,  B.  A.  Taybul’akiy,  K.  N,  Choohia,  B.  X.  Shtem,  V.  N,  Shtern, 

A.  A.  Shtusa,  I*  K.  Takhnich  and  ssany  otMra* 

A  eonaldarable  part  In  tha  datalopaiant  of  the  physical 
angincarlng  trend  In  radiology  haa  been  played  by  K»  K.  Aglintaev,  A.  V, 
Bibergal*.  V.  V,  Bochkarev,  V»  A,  Vitka,  N.  Q.  Guaer,  V.  V.  Deokhovakiy, 
N.  V.  Dobrov,  Q,  A.  Zhegalkln,  B.  K*  laayav,  A.  N.  Yrongaua,  U.  Ya» 
Margulia,  M,  3.  Ovoahohnikov,  R.  fi,  ParuJBOva,  V.  A.  Petrov,  K.  F.  Popov, 
I.  V,  Poroykov,  V*  I.  Rakov,  ?.  T»  Solov’yev,  S.  M.  Stepanov,  E.  Ya. 


iKnoraheVikly,  K.  I*  T«uniln, 


K.  Ya.  Uspanskiy, 


’<‘haradeba,  V,  G,  Khrushchev,  Ya.  1,  Shekhtman,  S.  I.  Shirokov,  V,  K. 

Shweiev  and  othera.  Hair?  of  them  are  the  authors  of  epecial  monogxapne 
and  textbooks. 

Radiobiological  study,  the  pioneers  tn  ahich  in  the  Soviet 
Union  have  been  laentlcned  above,  is  being  developed  Ir,  a  nvasber  of 
aoiantiflo  enters  of  the  country.  Among  there,  an  appreciable  contri¬ 
bution  has  been  aada  by  the  biophysical  aeientlfic'  research  Inatltutions 
of  the  Academy  of  Sciences  USSR  and  the  Acadswy  of  Medical  Sciences  USSR. 
The  scientific  groups  of  these  Institutions ,  headed  by  A.  V.  l/ebedinskiy 
^q.v.),  active  meiisber  of  the  Academy  of  Medical  Sciences  USSRiand 
G.  M,  Frank,  Corresponding  member  of  the  Acadesy  of^Scianoea  USSR,  are 
conducting  tnveeti gallons  in  various  fields  of  radlobiologv  ^biochemical, 
phyaicochemical ,  physiological,  microbiological,  pathological  and  ethers) 
under  the  direction  of  V.  S,  Babalukha,  P.  D.  Goriaontov  (q.v.),  S.  Ya. 
Gi’ayevskiy,  N.  D.  Demin,  D,  I.  Zakutinskly,  N.  H.  Klemparskaya ,  N.  A. 
■Crayevekly  (q.v.),  A,  K.  Kuain,  Xu.  I.  Koskalev,  I.  A.  Pigaiev,  V.  A. 
Sanotakly  (q.v.),  B.  K.  Tarusov  (q.v.),  N,  I,  Shapirc  and  many  others. 
Considerable  work  along  these  lines  has  been  done  in  the  Central  Institute 
of  Medical  Radlologv  by  S.  K.  Aleksandrov,  Ye.  I,  Bakin,  P.  N.  Kiselev, 

S,  Ye.  Manoylov,  0.  S,  Strelln  and  their  ooworkers.  Important  studies 
are  also  being  made  by  a  group  of  Ukrainian  institutes,  In  mhich  a  notable 
part  is  being  y:>la:?ed  by  the  activity  of  R.  '^e.  ’Cavetskly  (q.v.),  A.  A. 
Gorodetskiy,  S.  N.  icdaw'jv  and  their  groups. 

The  microbiological  trend  in  radiology  is  represented  .by  V.  L. 
Tivsitskly  (q.v.)  and  a  group  of  his  oovorkers  at  the  Central  Institute 
of  Microbiology  and  Epidemiology  of  the  Academy  of  Medical  Sciences  USSR, 

M.  N,  Meysel’  and  others.  Hie  studies  of  K.  0,  Raushenbakh  and  his 
laboratory,  the  bioehewioal  studies  of  S.’-'e.  Severin,  D.  E,  Grodsenskiy, 
and  the  radiological -morphological  vork  of  B,  N.  Mogll'nitskiy  (q.v.) 
and  his  ooworkers,  done  at  the  Moscow  Institute  of  Roentgenology  and  Radio¬ 
logy  in  the  1Q2')'8-1o40's,  the  roentgenoanatomio  studies  of  K.  G. 

Prlves,  A.  S,  Zolotukhin,  P.  N*  Maaa,im)V.  K.  I.  Santo tskiy,  tne  radio¬ 
biological  uork  of  S.  A.  Nikitin,  S.  N.  Ardasbnikov,  V,  Ya.  Aleksandrov , 

I.  P,  Mishchenko  and  many  others  are  well  known. 
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The  progress  of  radiology  in  foreign  countries  is  associated 
with  the  scientific  research  activlt"  of  a  number  of  authoritative 
institutions.  Among  them  is  Raditimhemmet .  an  institute  organised  in 
in  StocVhoim  (Sweden)  by  H.  Forsel  (c.v.)  and  which  was  under  his 
direction  for  a  long  time,  Radlumhemrst  deserves  the  credit  for  \Jorking 
out  many  trends,  Including  principles  and  organiaationai  practice  of 
radiology  In  the  related  fields  of  oncology  (E.  Berven,  He-/inann  and 
ethers).  In  this  institution  also  the  principles  of  the  biophvsical 
trend  were  laid  down  and  afterwards  developed  considerably  thr>augh  the 
activit-’r  of  R,  Slevart  and  his  cowrkers. 

At  the  Institut  de  Radium  of  yaris  University,  founded  bv  U. 
Curie-Sklodowska  (q.v.)  and  C.  ftegaud  in  1Q14,  a  section  of  clinical 
radiology,  radio  physiology''  and  radiopathology  has  been  created,  well  known 
for  its  contribution  to  these  branches  of  radi^ilogv.  T?ie  studies  of 
Isgaud  and  his  school  ''Lacassagne  'q.v.),  Latarjet,  H,  Coutard.  Saclssse) 
were  of  first  importance  in  the  development  of  radiabiclogv,  x-ray 
thcrap  -  and  curlctharapy.  The  Institut  3,  Rcussy  ''q.v.)  in  Paris,  which 
is  a  c:i:inicaj.  anu  iherapeulic  oenler  iji  u«j  “.Idu  of  OuCOlog  ',  dcocrvcn 
mention  also. 


•At  this  Institute  ocnsiderable  work  is  baipfr  done  on  radiation 
therspv  (S.  Laborde  and  H,  Itibiana  and  others). 

The  Cancer  Center  in  London  ^Chester  Bettv  Research  Institute, 
Rtj'-al  Cancer  Hospital)  is  known  for  its  contribution  to  medical  phvsicS; 


fiadc-  by  Uayneord  i'q.v.)  and  his  coworkers,  and  for  f's  work  of  Lsdernan 


and  Smi there.  The  radictherapjeutic  research  center  of  I’ammersmith 
Hospital  in  London  is  the  institution  with  which  the  investigetionfii  of 
L.  ...  Oray  are  associated.  In  the  Manchester  radium  institute  'Holt 
Rad:u"i  Institute)  a  series  of  studies  on  the  physical  basis  of  radiation 
th&rari''''  has  been  wade  for  many  years  under  the  direction  of  .R,  .^aterson. 

Tlie  Manchester  dosage  s'/stem  in  ouriotherapy  and  the  method  of  irradiation 
with  the  utilitation  of  high»energv  braking  radiation  created  here  hav« 
become  well  knew?).  A  trend  which  was  developed  at  the  Uanchaster  Institute 
and  the  london  Cancer  Center  led  to  the  formation  of  a  new  specialty— 
mecllca'i  physics— as  the  result  of  the  activity  of  Ma'vnneord,  P.aterson 
and  others.  In  Westminster  Hospital  ''London)  S.  Cade  and  others  m.?.de 
a  great  contribution  to  the  development  of  radiosurger'.  Tn  Harwell 
Atcmic  Center  studi©.a  are  being  made  on  radiation  genetics,  headed 


b"  ?vir?sell. 

The  New  ''’’ork  beraorlal  Hospital  (United  States)  has  a  radiation 
ti. erap-"'  center,  at  the  National  Cancer  Institute  in  Bethesda  and  the 
Oak  Ridpe  national  laboratory  studies  are  being  mad©  in  the  field  of 
rad Icbiology  (in  these  studies  the  leading  part  is  plaved  by  A.  Hollaender); 
work  is  being  done  on  telgg.a!mnatherapy  technique,  and  other  investi¬ 
gations  -ire  being  wade.  Conrideraole  work  is  being  done  b"  the  Brookhaven 
Katiorial  Labo^ator^  where,  specifically,  ph’-Tlcal ,  chemical,  tharma- 
cologic-i  and  clinical  approaches  are  being  worked  out  to  neutron  capture 
theraov  of  caneur.  At  the  Donner  Laboratory  in  Baj-kelev  (California) 
a  grovio  of  investigators  (Tobias,  J.  Lawrence  and  others)  is  working  in 
tha  field  of  radiobiology  and  experimental  radi.ation  therao’'.  Here,  studies 
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with  thin  proton  beams  vith  energies  cf  hundrecla  of  Millions  of 
electron  volts  attract  attention j  by  means  of  these  beaws  a  strictly 
loc-alited  sslaotive  effect  is  s“srtsd  on  very  ifms'll  areas  of  a  deeply 
situated  organ.  In  the  department  of  eoologv  of  the  University  of 
Indiana  faioomington)  K.  J.  Fuller  is  maVing  studies  on  radiation 
genetics.  Considerable  vr»rk  on  radiology  Is  toeing  conducted  also  at 
the  Sloan- Kettering  Institute  at  the  Cancer  Hospital  of  the  Roakefellar 
Institute  In  lUv  '''brk,  ■ 

Among  tlw  radiological  scientific  institutions  of  European 
eountrie?  note  should  V«  made  of  the  In;.tituto  Naslonale  per  lo  Studio 
€  la  Cura  del  7'umopi  Cltaly),  where  the  well-known  roentgenologist, 
Ferussia,  works;  the  Instltut  du  Cancer  in  Louvain  ('Belgium),  directed 
bv  Kalsiri!  the  Radiologisches  Institut  der  Univcrsit^lt  freiburg  (’FRG), 
which  is  now  earr?;lng  out  a  program  of  radiobiological  studies  (H.  L, 

f.js  ‘  V*  i5»  uiw  ^aa^riaHck  j.nsxitUT. 

ixir  tiophyaik  ■'m  Frankfurt-cn-i-iain,  well  knovn  for  the  inveatij^atlrsns 
■,  ^xuafj  uj.  ouxcilitista  upioer  nira. 

Au  yA'.v«iurftticion  wmch  Dears  tno  name  or  one  of  the  foimdors 
of  radiologv,  Antoine  BdelSre.fq.v. ) ,  the  so-called  Centre  Antoine 
Biel  Are,  )?g.ri*  i®  occupied  With  problems  of  cultural  relations 
between  the  radiologists  of  the  world. 

In  the  ''SSR  problems  of  radiology  are  a-egularly  discussed 
Ir  the  special  journal  Eedi tsinskava  Radi ologiva  //edioal  Radiologv/ 

(has  been  In  esistency  since  I95f>).  on the  pages  of  Vestnik  Rentgenologil 

of  P.osntgenolog;/  and  EadloloKy/^fhas  beers  in 
existence  since  1020),  /Hadiologv-Diagnoais/ 

ano  riaoio^;^i3^Hg_dioter^^  £EAdioblologv-Radlotherspf/  (both 

of  tha  last  tw  Journals  are  published  in  Ruaaian  and  German, 

tiosr,®  r.rcblsnip  of  radiology  are  discussed  on  the  pages  of 
general  medical  journals,  particularly  in  the  journal  Vooregv  Cnkologli 
/Problews  of  Cncology/.  In  the  journal  Ha.diobiolc>glya*7BAdtohioWv/'.  ~ 
r.ubllshed  bv  the  Academv  of  Sciences  nsSR.oroblems  are"  reoresented  which 
aro  in  fields  related  to  medical  rsdiologv. 

Abroad,  prob'ema  of  j’adiologv  are  dieeussed  chiefly  in 
the  .iournals  Acts.  Radiolog^ica  (organ  of  the  z'adiolopy  societies~of 
Norway  _and  Svfsdsn,  iDonriark.  and  finland) .  Th.e  IntemaUonal  Journal  of 
4npJ;.'-K.£.  ..Sill  ?-,.?? 'published  b'  Pergamon  Press',  Archives 

organ  -of  tlia  American  Academy  of  Occupatlor”t"T 
H-’flene.  ?.p  American  .'edical  /-ssoclatlco  publication  on  proohviactic 
xrie6icj.ir‘e ,  opcupational  rrcl&r.s  and  space  medicine),  Sxcerota  Medic* 
(intern^itional  journo.;,  cf  .abstracts;  section  HV  is  Radiology^. 

<36’-  :li-;bie  ta  der  Kgnt,gcn3trahler.  und  der  hluVlearmedl?!!) 
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.■■.oenlreric  .cp' 3i,£  oj  unc  iifJTCir^ysicjs  (Organ  uf  the  Socifetv  of 

;';pd'ical  ''n'-sic?  ' .  Journa!.  dc  Hadlologie  'Crgan  of  the  Belpian 

:i8dlolr,'fi«;  Sr.cv^t-,  alao  r>.;blir;.es  the  work  of  the  KetherlancJs 
fadlolorical  Soe'et-u'.  ^journal. de^.Radiologi5 et  jfe 
■odecine  j'ac.leaire  (ergnn  o-f'  the  French 'Society  of  hecicsT'sTeetro- 
rp.d5P''or-;.  &.yj  itK  ^ffi  1  .i ate?; ,  Iptern&t.lona:i.  JournsI  of  Had! a ti on 

.l"'d  -?'i'd..ltec  Studtea  H  PhvoiQ*;,  Chemistry  and  Medrclne  '”Tpubi.1  ehci 
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by  Taylor  and  Francis  Ltd)  ,  Radiation  Raiyear(^h  (organ  of  th«  Society 
of  Radiation  Research,  published  by  the  Academic  Press,  NSv  York  and 
London) ,  Radiology  ( journal  of  Slinlcal  radiology  and  related  disciplines , 
organ  of  the  North  American  Radiological  Society) ,  The  Aaerlcan  Journal 
of  Roentgenology,  Radium  Therapy  and  Huelear  Medicine  (organ  of  the 
American  societies  of  roentgenology  and  radiology) ,  Strahlentheranie 
(arohivee  of  clinical  and  experimental  radiation  therapy— x-ra3rs , 
radium  and  radioactive  isotopee,  light;  simultaneously,  the  journal 
discusses  problems  of  cancer  control;  the  organ  of  the  Roentgenological 
Society,  Society  of  Phototherapy  and  Optics  as  mell  as  the  Society  of 
Oncology),  The  British  Joui^l  of  Radiology  (founded  in  18^  ;  organ 
of  the  British  Institute  of  Radiology  and  the  X-Rav  Society) ,  Zentralblatt 
fflr  die  gesamte  Radiologie  (journal  of  abetraets  of  the  Society  of 
Roentgenologists  of  the  FWJ),  Radioloala  Cliniea  (International  Radio¬ 
logical  Reviem  Journal,  organ  of  the  Swiss  Roentgenological  Society), 
Radiolog la  Austriaea  (Austria). 


There  are  annuals  written  on  problems  of  radiology?  Year-Book 
of  Badiology  (has  been  published  sinoe  Ivu'i  by  ths  Year  Book  Publishsrs 
Inc.,  Chicago),  Sreebnlsse  der  meditinisohen  strahlenforschung  t'vois 
I-VII,  1925-1936,  published  by  Thleme,  Lepisig)7  RHntgendiagnostik . 
Sraebnigae  19^2-1956  (publtshsd  by  Thieae,  Stuttgart,  195?).  Strahlen- 
biologle  .  StrahlentheraPie .  Nuklearmediein  und  Krebsforschung .  Ergeb- 
nisee ,  1 952-1 95^  ( ^blished  by  Thieae”,  Stuttgart,  l959Ti 

A  number  of  international  and  Soviet  congresses,  conferences 
and  meetings  have  been  on  problems  of  medical  radiology. 

In  1 955-.  and  1958,  the  firet  and  second  international  confe¬ 
rences  on  peaceful  uses  of  atomic  energy  were  held  in  Geneva.  Since 
I95B,  periodically,  international  symposia  are  collected  on  problems 
of  the  biological  effect  of  ionising  radiation.  The  international 
conferences  on  radiology  are  also  conducted  by  the  International 
Atomic  Enei^y  Agency  and  the  World  Health  Organisation  (WKO).  In 
the  United  Nations  Organisation  toil 056  a  Commission  for  the  Study  of 
the  Effect  of  Atomic  Radiation  mas  created ,  in  whose  work  the  dele¬ 
gation  of  the  USSR,  which  insists  on  prohibiting  the  testing  of  nuclear 
weapons  on  the  basis  of  the  dat*  of  radiobiology,  participates  actively. 

At  the  Eighth  International  Congress  of  Roentgenologists  and  Radiologists 
(1956)  the  International  Society  of  Roentgenologists  was  instituted. 

Aside  from  this,  the  International  Society  on  Radiation  Research  functions 
(formerly,  the  Organisation  of  International  Radiobiological  Confe¬ 
rences).  Problems  of  Radiological  protection  are  Integrated  by  the 
International  Commission  on  Radiological  Protection,  ICRP).  In  addition, 
there  is  an  International  Commission  on  Radiological  Units  (ICRU). 

In  195^,  in  Koscow,  the  Academy  of  Sciences  USSR  held  a  meeting 
on  problems  of  the  study  of  the  effect  of  ionieing  radiation  on  the 
animal  oi'ganism.  In  1955.  a  meeting  of  the  Academy  of  Sciences  ’JSSR 
was  held  or.  the  peaceful  uses  of  atomic  energy,  at  which  reports  were 
giwn  on  problems  of  radiology  at  the  section  of  biological  sciences. 

At  the  first  All-Union  Conference  on  lledlcal  Radiology  (Koscow,  t'-'56) 
an  analysis  was  made  of  the  problems  of  experimental  radiology,  radiation 
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)Qrgi«n*  and  dpalvatiir,  tb«  olinleal  asp«ot|Q|^  of  radiation 

Bloknosi.  In  195<$,  at  tha  AH-tlnlon  Confam^  of  Aotira  Ptiblio' 

Hialth  Workart  In  Meseov  thara  ma  a  aectloh  on  radlolOfioaX  pi^blaaa. 

In  1 957  (Moaeow)  •  the  All-l’hion  Taehhioal  Soidbtifle  Confiiimoe 
on  Applloatlon  of  Itadioafitlra  and  StabXa  Itoioi^e  and  iwanatlohi  to 
the  ilatioRal  Eoonoty  and  Selanoa  we  held  (offanlaad  tagr  the  Aoedany. 
of  Selanoea  USSR  and  by  Qlayatoa  ^aln  Atoaio  Bnargy  Adnlnlatratlo|v) » 
at  idilch  reporta  were  heard  on  probXena  of  radiology.  At  the  Beealon 
of  the  AoadW  of  Madioal  Solaneei  USSR  (Moaootr,  1057).  a  epaoial 
meeting  mae  held  on  ’’radiation  thjiay."  In  1957.  an  IntarooUegiate 
conferenoe  maa  held  on  the  problen  of  the  bloehamioal  and  blophjwioal 
baaea  of  the  biological  affect  of  radiation.  In  1959.  at  the  Conference 
on  Uaes  of  Atomlo  Energy  fbr  Paacafbl  Purpoiea  (thahkant)  reporta  mere 
given  on  problema  of  radiology.  In  I9d0.  in  idga  a  oonferenoa  maa  held 
on  the  peaceful  uaea  of  radioaetiva  isotopea  aw'naelear  radiation. 

In  1961 ,  the  FI rat  All-Ruaaian  Congreaa  of  Roentganologiate  and  Radlolo* 

*4*0^  vJNa*  WaI  4* 

Oonrertncas  v»r«  n«id  on  problMO  cr  iipp).!Wottlon  ct  radioactive 
iaotopea  to  medicine  (Kosoov.  19^9).  therapautlo  application  of  radioactive 
eobeit  ^loyilngrad  i  ^95?-).  radioaoti'/e  phcaphcrus  traatHant  of  arythrastia 
and  lemlnalc  patients  (Leningrad.  1953^.  the  epeoifioity  of  the  body’s 
reactions  to  the  effeot  of  injuries  caused  by  the  aotion  of  ionising 
radiation  (Moaeov,  1956),  tha  pathogenesis  of  the  clinical  aspects, 
therapy  and  prophylaxis  of  radiation  sickness  (Leningrad,  19,5?).  A 
special  oonfareneo  was  devotad  to  the  results  of  scientific  studies 
in  the  field  of  radiobiology  (Leningrad,  1^159).  A  special  meeting  in  i960 
(Kosoov)  va3  on  the  problem  of  clinical  radiology. 

K.  Qomebla’< 

Military  Radiology  is  an  eduoatlonal  and  a  soientlflc  subject, 
idiich  studies  the  physical  and  biological  principles  of  injuries  caused 
by  the  injurious  radiological  factors  in  atomic  Cnuclear)  weapons. 

Military  radiology  vme  born  eimultaneously  with  the  appearenoe  of 
atonic  weapons  as  armament  in  certain  countries  (q.v. ). 

Military  radiology  is  based  in  its  development  on  the 
achievements  of  general  and  medical  peacetime  radiology,  particularly, 
on  the  attainments  of  radiobiology  (q.v.),  and  Independently  works  out 
the  problems  specific  for  wartime  conditions  experimentally,  namely i 
1 )  the  biophysical  rules  and  regulations  of  development  of  different 
of  radiological  combat  Injuries  (q,v.){  2)  individual  arid  group 
measures  of  antiradiation  protection  ^q.y.)s  3)  quantitative  determination 
of  the  probable  radiation  Injuries  with  respect  to  the  degree  of  their 
severity  in  the  focus  of  atomic  attack  with  different  conditions  and 
modes  of  utlllaatlon  of  the  atomio  weapons  (depending  on  the  type  of 
nuclear  explosion,  oomposltion  of  the  radioactive  agents  used  for 
combat,  the  power  of  the  nuclear  weaponry,  the  degree  of  radioactive 
contamination  of  the  locality,  the  disposition  of  the  troops,  «te.)j 
k)  the  distinctive  nature  of  the  course  of  the  radiation  injuries  of 
oombat  (see  Radiation  Sickneas)}  5)  the  characteristics  of  combined 
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inittriM  vlih  tte  ptrtloipiUeil  of  tbo  injorloui  rtdlatlon  fiotor 
(aoo  Cd«M.?Hid  Coiabiit  InjuHtt)t  6.  prlnoiplos  of  Mrl^r  dUgnolii. 
ioolttdlHg  •vtluAtiod  of  doilai^o  data  and  f«dtoii«trlo  (4.7.) 

daiat  ?)  troitiaat  of  ptdplo  Injarod  br  panatrallnt  radiation  and 
radloaotlTf  aftnta  in  atagaat  iorting  at  olaaring  atatlonk  aOd  aorting 
by  tjrpa  of  aviouation  tranaaart  (aaa  Madleal  Sorting)!  tha  ireltMO, 
naana  and  aatheda  of  eoaprabanalva  tharafqr!  tantatlad  traatpant  tlna 
and  prognotla. 

Tha  data  of  ■llitary  radiology  ara  widaly  uaad  by  many  branobaa 
of  allitary  aadlelna.  for  aanpla.  by  allltary  pathology,  allltaiy 
flald  tharapy  and  aurgary*  organtaatian  and  taatlea  of  tha  nlUtary 
nadioal  aanrioa,  and  othOM  (aaa  Military  Madioina).  Problantof 
allitary  aadielaa  ara  dlaouaaad  on  tha  pagaa  of  tha  Yoaonno^itainakly 
IhaiTial  jj^lltary  Madleal  Journal ,  Sorlat  phyaieiana  ari  trained  in 
aattara  of  allitary  radiology  at  ohalra  of  inatitntas  for  tha  adranead 
training  of  phyaioiana .  aiaultanaotttly  aith  adranead  training  in  tha 
aaiti  ■pOwlalty  aiid  ■§  appllad  to  it* 

,1.  ATanoy 
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Radar 


Radar  (from  th«  Latin  radlare,  to  emit,  and  looatlo, 
location)  la  the  detection  of  varleue  objeote  (targets)  and  the 
detomtnatlon  of  their  Ipeatlon  on  dry  land,  in  the  water  and  in 
the  air  by  means  of  radio  wares. 

The  radar  effect  is  based  on  the  reflection  of  radio 
waves  from  obstacles  In  their  oath.  The  waves  are  emitted  and  the 
returning  (reflected  or  scattered)  signal  Is  received  by  a  special 
technical  apparatus,  the  so-called  radar  apparatus  or  radar  station. 
The  latter  is  eouipped  with  a  directional  antenna,  which  emits  and 
receives  signals  in  a  limited  area,  which  makes  it  possible  to 
determine  the  angular  coordinates  of  the  target.  At  the  same  tine, 
the  period  elapsing  from  the  moment  of  emission  of  the  pulse  until 
its  return  to  its  starting  point  gives  an  idea  of  the  distance  to 
the  target.  These  data,  taken  together,  permit  detenalning  the 
location  of  the  target.  The  target  found  by  radar  is  shown  in  the 
form  of  t  light  slgml  on  the  screen .  The  existence  of  regularly 
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radio  waves,  successively  to  "feel  out"  the  entire  surrounding  area 
in  search  of  targets  which  might  appear  within  it  as  well  as  to 
detemins  their  speeds  and  directions.  All  this  assures  an  active 
radar  search,  which  differs  from  an  optical  (visual)  search  in  its 
Independenoe  of  the  degree  of  visibility  (the  same  in  fog,  at  night, 
in  smoke  curtains,  etc.)  and  its  laesasurably  greater  "range." 

These  possibilities  of  the  radar  method  have  been  responsible 
primarilv  to  military  affairs;  the  first  radar  stalione  (1039)  were 
utilised  for  detection  of  airplanes  in  the  air  defense  system  (q.v.). 

At  the  oresent  tine,  the  significance  of  radar  has  increased  for  these 
purposes.  In  addition.  It  is  used  for  controlling  combat  in  the  air 
by  means  of  the  so-called  direction  stations  (which  make  it  possible 
to  direct  one’s  own  airplanes  against  the  enemy's  airplanes),  for 
homing  artillery,  Including  antiaircraft,  on  a  target,  for  guiding 
rockets,  for  bombing  and  others. 

Radar  Is  also  of  great  scientific  and  national  economic 
slgnifioanee.  It  is  used  in  civil  aviation  as  a  means  of  providing  • 
flight  safety  and  for  guiding  airplanes  under  reduced  visibility 
conditions;  in  meteorology, for  receiving  the  signals  of  radio-sondes 
and  sounding  balloons;  in  radio  astronomy  for  studying  radio  waves 
reflected  from  celestial  bodies. 

Work  on  radar  instruments  requires  concentrated  attention,  ' 
considerable  visual  strain,  and  adequate  adaptive  capacities,  quick 
and  accurate  reactions.  Finding  the  target  sought  on  the  screen  of 
an  electron-bean  tube  and,  most  important,  identification  of  it, 
determination  of  its  nature  and  location  are  not  uncommonly  connecte^l 
with  considerable  difficulties,  particularly  when  the  image  is  of 
low  intensity  or  of  a  diffuse  nature.  In  a  combat  situation  additional 
difficulties  may  be  caused  by  the  radar  interference  oi^ated  by  the 
enemy.  In  connection  with  this,  in  operators  working  directly  at  the 
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8cre«n  and  closa  to  it,  fatigue  occurs  after  a  certain  period  which 
ie  fraught  vrith  the  danger  of  errors. 

From  the  hvglenic  viewpoint  the  haearda  with  irtich  the  work 
of  the  operators  and  technicians  mav  be  connected  in  the  operation 
of  radar  stations  are  also  of  some  importance.  The  latter  arise 
(chiefly  during  repair  of  the  apparatus)  as  the  result  of  the  emission  of 
a  superhigh  frequency  pulsating  electromagnetic  field  by  the  antennas 
and  oscillator  units  (capable,  wJ»n  of  the  appropriate  power,  of  causing 
heating  up  of  tirsues  and  affecting  the  functional  state  of  the  central 
nervous  system) ,  as  well  as  from  x-radiation  coming  from  the  oscillator 
tubes.  However,  such  effects  are  net  obseinred  during  the  course  of 
operation  of  the  stations  in  good  order}  the  superhigh  frequency  field 
and  x-radlatlon  are  nractlcally  absent  on  the  premises  of  the  station, 
which  is  assured  by  the  presence  of  screens  around  all  the  radar 
apparatus  units.  Only  when  the  apparatus  is  tunwd  on  after  the  removal 
of  the  protective  coverings  are  such  effects  possible  ( chief Iv,  on  the 
tsahnieal  personnel  occupied  in  reoair). 

are  outside  the  station  in  the  field  created  bv  the  antenna  may  be 
exposed  to  these  effects.  In  eonnsetion  with  this,  suitable  safety 
measures  should  be  observed  by  the  radar  station  personnel  (see  Clothing 
(protective).  Antiradiation  Protection) 

It  is  also  necessary  to  see  that  suitable  temperature  conditions 
are  maintained  on  the  premises  of  the  station,  not  permitting  ovarhe«*ting 
of  the  air  because  of  the  propagation  of  the  heat  formed  in  the  operating 
apparatus  through  convection  and  radiation.  It  is  equally  important  to 
see  that  the  normal  chemical  composition  of  the  air  is  maintained,  keeping 
in  mind  the  possible  corataminatlon  of  the  air  with  osone,  oxides  of 
nitrogen  (from  the  operation  of  spark  dischargers)  and  products  of 
activity  of  the  body;  this  determines  the  importance  of  good  ventilation 
in  the  radar  station  premises.  Finally,  the  noise  occurring  in  the 
operating  apparatus  and  in  ventilation  apparatus  can  create  a  certain 
strain  on  the  organism. 

By  virtue  of  these  facts,  among  radio  mechanic  troops  and  in 
other  units  which  use  radar  apparatus  as  well  as  in  the  corresponding 
civilian  Installations,  medical  checking  of  the  state  of  health  of 
the  Tjersonnel,  of  observance  of  the  working  and  resting  conditions 
established  for  the  personnel  and  hygienic  control  of  the  working 
conditions  at  radar  statioi  j  (the  microclimate,  chemical  composition 
of  the  air,  radiation  levels,  etc.)  acquire  special  importance.  It 
is  also  necessary  approprlatelv  to  select  candidates  for  work  at 
radar  stations,  considering  the  characteristics  of  this  t.'/pe  of  work^ 

See  also  Work,  Electromagnetic  Field. 
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Clinical  Radiometer 


The  clinical  Mdlometer  la  a  cortable  apoaratus  desi;'ned 
for  deterralning  the  circulation  time  the  tracer  method  (see 
Isotopes,  radioactive).  The  clinical  radiometer  car,  be  used  for 
determination  o.f  the  outllnea  cf  ar^as  in  which  radicactive  isotopes 
are  located  In  the  body  ^fcr  example,  the  thvrold  gland  saturated 
'Aitb  rsdieaetive  I'' 31)  and  on  the  surfaces  of  objects. 

The  sensing  element  of  the  ‘nstrunert  is  a  scintillation 
counter  consistinp  of  an  flal  monocrystal  activated  bv  thallium 
(Tl)  and  an  ?EU-?5  or  rSU-35  photomultiplier .  The  light  flashes 
in  the  crystal  caused  bv  absorption  of  piatnma  quanta  are  converted 
into  electric  pulses  V'  the  multiplier  which  after  ampi iflcation  and 
shanin.w  go  to  the  integrator,  which  converts  then  into  direct  current , 
orocortional  to  the  ouise  repetition  rate,  whiich,  in  the  final 
nnalvsis,  is  proportional  to  the  Intensity  of  gamma-radiation  falling 
t.he  r',Y'\fKta\ .  4  f-ioroemmeter  and  an  in’<-reoorder  are  conn^ct^d  u’" 

to  the  outlet  of  the  integrator. 

For  the  nui’pose  of  assuring  directional  sensitivtt^'  of  the 
counter  the  cnrstal  is  placed  in  a  cyl  indrical  lead  sh'.eld--the 
colli mator--with  an  ooentng  about  2  sc.  cm.  in  area  along  its  axis. 

In  addition,  there  is  an  electronic  apparatus  in  the  circuit  of 
apparatus  which  mpovidea  a  nonlinear  relationship  ''to  a  degree  higher 
than  first  degree)  between  the  instrument  readings  and  the  intensit-"- 
of  the  gamma-radiation  falling  on  the  crystal.  This  mahes  it  possible 
more  dlstlnctl-'’'  to  determine  the  moment  the  radioactive  isotope  carried 
b’'  the  blood  stream  approaches  the  counter. 

The  instrument  (see  Figure)  consists  of  an  outlying  detector 
'in  which  the  crvstal .  nhotorrul tinlier ,  collimator,  voltage  divider 
and  catiiode  follower  are  located)  and  a  control  nancl,  housed  in  a 
metal  suitcase.  The  detector  is  connected  to  the  oanel  by  a  flexible 
cable.  Cn  the  front  ''top)  of  t’-'e  panel  are  an  indicator,  recorder, 
controls  and  jacVs  for  connecting  the  instrument  to  the  line  and  *''or 
connection  of  an  injection  timer  button  set  on  the  head  of  a  syringe. 
The  instrument  has  a  timer  which  marks  time  at  ore-second  interval.?. 

For  successful  measurement  of  the  circulation  time  the 
detector  is  Placed  on  one  ofthe  extremities  with  Its  sensing  end 
as  near  as  possible  to  the  larve  bloc'  vessels;  the  radioactive 
isotope  is  injected  into  the  vein  of  the  opposite  extremitv;  the 
distance  between  the  detector  and  the  injection  site  of  the  solution 
should  be  as  great  as  possible;  the  activity  of  the  isotope 

injected  in  the  form  of  Ha21  should  amount  to  lb-5'''  mlcroourl es . 

The  quantity  of  solution  should  not  exceed  cc.  The  .solution 

is  injected  intravencusl”-  in  as  short  a  tine  as  possible.  Immediately 
after  the  injection,  the  svringe  should  be  wjmoved  from  the  detector. 

Aside  from  the  quantit”  of  the  T.sr'^  isotooe  needed  for  the 
measurement,  there  should  be  no  radioactive  sources  in  the  room  in 
which  the  observation  is  being  made.  All  work  in  the  nrenaration  of 
the  solution  should  be  conducted  In  a  special  rcor  ,  as  far  as  iiossible 
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pTrom  the  place  of  the  measurement.  ObserVanee  of  che  oonditione  | 
mentioned  above  in  combination  with  proper  adjustment  of  the  inetrumerlt 
(according  to  instructions)  makes  it  possible  to  determine  quite 
precisely  the  time  between  the  inJ,eetlon  of  the  isotope  into  the  body 
(the  beginning  of  the  thickened  ^^bably  ''flattened'*  intendejl/  portion 
of  the  curve)  and  its  tl.rongh  the  blood  vessels  under  the 

detector  (naxinum  of  the  peak  on  the  curve).  In  a  number  of  cades  it  is 
possible  to  observe  the  passage  of  the  isotope  under  the  detector  twice  t 
however,  the  second  peak  is  very  indistinct,  as  a  rule. 


[Ibotogra.]^  not  siiltable  for  rejaraduetioni  aymUable  ia  aouree*] 


K.  Kalugin 
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Had toBtfl  trio  Xnatrunentis 

Badionatrie  instrutaants  ar*  apparatuses  for  measuring  tl-je 
activity  of  natural  and  artificial  s^'fireas  of  radiation.  Radiometrlo 
instruments  are  used  for  different,  physical  investigaticns ,  for  pwepeotlng 
for  minerals,  oijec'rfing  on  toohnical  processes  in  industry  and  othei's. 
Radiometric  instruments  are  of  great  im’oortance  for  biology  and  medicine, 
where  they  are  used  for  scientific  research,  and  they  peralt  medical 
monitoring  of  working  conditions  and  checking,  on  the  health  of  the 
personnel  of  institutions  associated  with  the  us©  of  radioactive  agents. 

Any  radiometric  instrument  consists  of  two  main  parts— a  radiation 
detector  and  a  r.easurir,g  instrument  which  makes  it  possible  to  measure 
or  record  the  effect  caused  by  radiation. 

In  accordance  with  tneir  function*,  radiometric  instruments 
AT&  l*bor*t‘Ory  fcr  t-h*!-  -stct-lvlt-y  of 

v***  Vuwr-'-tj:  vj  j  riiuXumo't'csi'o  iOi"  c'Oftkj-Ufe  OUv  i 

signal  radiometers  of  the  technical  dosimetric  type,  Instruments  fcr 
measuring  .fluxes  of  ionising  radiation  with  the  a5.m  cf  detensining 
radioact5vo  contaw! nation,  and  others.  According  to  the  type  of  radiation 
the  instrument  is  designed  to  record,  alpVia-,  beta-  and  gamma-radioKeters 
as  »«>11  as  i.nstrusrients  for  reeasuring  a  neutron  flux  are  ritstinguisbed. 
According  to  their  operating  condittoiis,  pulsating  and  integrating 
rg-'Jiomotric  iriit.trui'ients  are  distinguished.  At  the  outlet  of  the 
instrument  designed  for  pulse  work,  a  series  of  pulsus  arises  under 
the  influenoe  of  radiation  each  of  which  corresponds  to  the  passage 
of  a  nuclear  particle.  Integrating  instruments  p-ermlt  measuring  the 
avoragfc  effect  caused  by  samultanecu,«  passage  of  a  multitude  of 
partie’l.es . 

In  accordance  with  the  nature  of  ths  physical  process  occurring 
in  the  oei.ector  under  the  inl'lwence  of  radiation,  radioo’etric  instruments 
are  diT'i.ded  into  ionisation,  scintillation  (lumlnoseent) ,  oaloHmetrlc , 
radio graohlct  and  othei-.s. 

Iv>ni.?,ation  and  scintillati.. n  radiometric  instrumonts  h,ftve 
become  most  commor  ixi  practical  radiometry.  In  the  ionisation  instruments 
a  gas-discharge  counter  or  ionitation  chamber  senses  as  the  detector. 

B'’-  means  o,f  couriter©  the  activity  of  sources  of  bsts^radiatlor  le 
me-asured.  The  ion  chs.mbers  serve  for  measuring  tw,  activi.ty  of  tbs 
a] pha-racSiation  sources.  In  order  to  determine  the  activity  of  the 
r.reparallon  it  Is  necessar^'*  to  count  the  nuK).ber  of  disintegrations 
oocurriKig  in  it  per  suilt  time.  Since  a  strictly  defined  numbe-r  of 
beta-particles  ia  em;,tted  for  a  single  disintegration, th®  activity  of  the 
preparation  can  be  deierained  by  calculating  the  number  of  particles 
emitted  per  unit  time  by  means  of  the  counter.  For  the  purptjss  of 
measuring  the  number  of  b»sta-particl©3  apparatus<^$  with  end- typo 
jCounters  are  used,  as  a. rule?  the,*  possess  better  gsowatry  and  have  thin, 
lirslets.  liiis  maics'S  it  pceslble  to  reconi  soft  radiation,  which,  in  I 
provides  better  accuracy.  - 
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P  For  the  vork  with  counters  laboratory  and  field  counters  “7 

are  used.  In  laboratory  practice  the  B«2  counter  radloaeter  Is  widely' 
used;  it  consists  of  a  pulse  amplifier,  high-voltage  rectifier  and  a 
scaler  with  a  ffleehanlcal  annunciator  (Wg.  1).  For  the  purpose 
of  shielding  against  external  Influences  the  counter  Is  placed  In 
a  protective  lead  housing.  Conversion  from  ths  number  of  pul see 
rr-easured  to  the  number  of  beta-particles  emitted  by  the  preparetlon  and 
then  to  the  activity  of  the  preparation  is  carried  out  by  the  Intro¬ 
duction  of  a  number  of  correetlve  factors.  Tha  B-2  unit  Is  used  for 
accurate  measurement  of  the  activity  of  radiation  sources . 

For  the  purpose  of  determining  surface  contamination  with 
alpha-,  beta-  and  gamma-aetlve  substances  under  conditions  of  fixed 
installations  the  universal  “Tlss**  radiometer  Is  used  (Fig.  2),  It 
makes  it  possible  to  determine  very  slight  contamination  (constituting 
the  degree  permissible).  The  contamination  is  determined  by  the 
number  of  pulses  per  unit  time  by  means  of  thin-walled  gas  dlpeharge 
counters.  The  instrument  is  constructed  in  the  fora  uf  a  table-isc-dsl 
control  panel  with  a  sat  of  outlying  detectors  for  alpha-  and  beta- 
radiation  . 


Fig .  1 .  B-2  Apparatus 


Fig.  2,  Universal  ’'Tlss"  Radiometer.  1.  detector  for  measuring  con¬ 
tamination  with  beta-,  gamma-active  substances;  2.  detector  for 
I  measuring  contamination  with  alpha-active  agents. 
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I  Ther*?  «iv0 

con’laroiivition  under 
DP.-11B  radiotnoter. 
‘i’ahctar.ces  in  water 


I  — 

radiowetric  Instrwnients  for  detecting  radioactive 
field  conditions.  In  this  grouo  is  the  beta-gamma 
It  can  also  be  for  detectlr.g  radioacti,vft 
and  other  fluids-  The  instrument  consists  of  a 


p-ortable  control  panel  and  a  prctje  with  a  gas  discharge  coxinter. 
Radiomeiera  of  this  type  have  a  low  degree  of  accurao'"'  («5‘-'  percent) 
and  requiie  nreliminary  calibration. 

More  sensitive  are  the  scintillation  radiometers,  in  whicn 
the  capacities  of  a  number  of  substances— ohospihors- -for  emitting 
part  of  the  energ;/  ex|:>ended  by  the  nuclear  particle  In  exciting  and 
ior/Ulng  molecules  in  the  form  of  light  are  used.  The  light  flashes 
in  the  phosphor  are  converted  into  pulees  of  electrie  current,  stronp 
enough  to  be  recorded,  bv  means  of  a  Dhotomultinl  Sniotil  lation 

radiometric  instiiiKerts  are  vised  for  measuring  aloha-  and  beta- 


radiation.  Tnu*,  ^'or  examole. 


for  PieaSuremehl 


of  aipha~radicit.i...'n  is  included  in  the  set  of  me  n-r  apparatus, 
Included  in  the  set  of  the  "Tiss"  tnst.run*nt  is  alr-o  s  scintillation 
alpha  -racioffiat-ar . 

In  I'cedioine,  biochemistry  and  biopriV5i'*o  chiefly  ionisation 
and  f cirstillatic-n  radiometric  iristru.ments  are  used.  3v  »cans  of  them 


and  through  the  tracer  method  a  studv  is  made  of  varlour  nhysio logical 
functions  o:  the  body  noraally  and  in  r>atholopv  of  pbotosvTi-- 

thetic,  re'?'"' 1  ramry ,,  r-!' tabo’ Ic  and  ptrotein  reactions,  renewal  rate  of 
tissues,  circulation  time,  etc>  (see  Isotopes),  and  various  ctu'eases 
nriS  diagnosed  (see  Radioisotopic  Diagnosis''. 

'.'edical  monitoring  is  an  important  field  of  aoplication  of 
radiometric  instruments-  Thus,  for  examplo,  measurement  of  the 
ST,*/eoific  activitie,?  of  biological  media,  water  arid  food  p.'‘cducts  is 
accomplished,  as  a  rule,  by  means  of  the  ,o-2  radiometer-  The 
absence  of  contaminatioiv  on  the  skin,  clothing,  »rfective  surfaces 
and  industrial  premises  ia  checked  with  the  ‘’Tiss*'  radiometer.  The 
content  of  rad'  oao-tive  gases  and  aer  sols  in  the  air  is  mwasured 
with  radiorcoters  wMch  have  ionisation  ehambers  and  beta-counters, 
scintillation  ayparatuse.*'  pc-rmit  measurin,?  the  esterr-al  I'adistior- 
i'rm  a.  r^rsor,  after  the  entrance  of  garma-enitters  a.nd  bax'd  beia- 
I'sdiation  the  body.  The  general  view  of  this  apr-ara+us  i?  .sho'Ahi 

l'-<  Fig.  There  are  radiometers  which  permit  detensining  the 
content  of  radioactive  agents  in  the  bodv  by  the  activity  of  the 
erlaled  air.  Ihus,  by  the  radon  content  in  the  exhaled  air  it  I  .s 
porsibLe  tc  determine  the  radium  contained  in  the  body.  The  great  variet- 
of  pr-fiC-tacal  problems  ha-c  been  -responsible  for  the  appearance  of 
red;; cal  and  clinical  radiometers  of  the  most  varied  t-'Ties  'ir.  recent 
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See  also  Dos5.metry ,  Radiometry. 
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Fig.  3.  Large  Counter  with  Liquid  Scintillator  for  Measurement  of 
Gamma-Activity  of  the  Human  Body:  a— general  appearance;  b— counter 
taken  out  of  protective  housing. 
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